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PEEFAOE. 


We  may  regard  the  Universe  in  the  light  of  a  vast 
physical  machine,  and  our  knowledge  of  it  may  be 
conveniently  divided  into  two  branches. 

The  one  of  these  embraces  what  we  know  rearardinef 
the  structure  of  the  machine  itself,  and  the  other  what 
we  know  l  egarding  its  method  of  working. 

It  has  appeared  to  the  author  that,  in  a  treatise  like 
this,  these  two  branches  of  knowledge  ought  as  much 
as  possible  to  be  studied  together,  and  he  has  therefore 
endeavoured  to  adopt  this  course  in  the  following  pages. 
He  has  regarded  a  universe  composed  of  atoms  with 
some  sort  of  medium  between  them  as  the  machine, 
and  the  laws  of  energy  as  the  laws  of  working  of  this 
machine. 


PREFACE. 

VI 


The  first  chapter  embraces  what  we  know  regarding 
atoms,  and  gives  also  a  definition  of  Energy.   The  various 
forces  and  energies  of  nature  are  thereafter  enumerated., 
and  the  law  of  Conservation  is  stated.    Then  follow  the 
various  transmutations  of  Energy,  according  to  a  hst,  for 
which  the  author  is  indebted  to  Prof  Tait.    The  fifth 
chapter  gives  a  short  historical  sketch  of  the  subject 
ending  with  the  law  of  Dissipation ;  whUe  the  sixth  and 
last  chapter  gives  some  account  of  the  position  of  hvang 
beino-s  in  this  universe  of  Energy. 


TU  Owens  College,  Manchester, 
August,  1873. 
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THE  CONSEEVATIOI  OF  ENEEGY. 


CHAPTER  I. 

WHAT  IS  ENERGY? 
Our  Ignorance  of  Individuals. 
1  Very  often  we  W  Utile  or  nothing  of  indiyidual. 
while  we  yet  possess  a  definite  knowledge  of  the  laws 
which  regulate  communities. 

The  Registrar-General,  for  example,  will  teU  us  that 
the  death-rate  m  London  varies  with  the  temperature  in 
such  a  manner  that  a  very  low  temperature  is  invariably 
accompaiued  by  a  very  high  death-rate.  But  if  we  ask 
h  m  to  select  some  one  individual,  and  explain  to  us  ir. 
^hat  manner  his  death  was  caused  by  the  low  tempera- 
ture, he  wiU,  most  probably,  be  unable  to  do  so 

thet"w;l^b^^''       ^^^^^^^  ^^^^  ^ 

counU    VI    '  importation  of  wheat  into  the 

country,  while,  at  the  same  time,  we  are  quite  ig^orar.t 


2  THE  CONSERVATION  OF  ENERGY. 

of  the  individual  journeys  of  the  various  particles  of  flour 
that  go  to  make  up  a  loaf  of  bread. 

Or  yet  again,  we  know  that  there  is  a  constant  carriage 
of  air  from  the  poles  to  the  equator,  as  shown  by  the 
trade  winds,  and  yet  no  man  is  able  to  individualize 
a  particle  of  this  an-,  and  describe  its  various  motions. 

2.  Nor  is  our  knowledge  of  individuals  greater  in  the 
domams  of  physical  science.  We  know  nothing,  or  next 
to  nothing,  of  the  ultimate  structure  and  properties  of 
matter,  whether  organic  or  inorganic. 

No  doubt  there  are  certain  cases  where  a  large  number 
of  particles  are  linked  together,  so  as  to  act  as  one 
individual,  and  then  we  can  predict  its  action— as,  for 
instance,  in  the  solar  system,  where  the  physical  astro- 
nomer is  able  to  foreteH  with  great  exactness  the  posi- 
tions of  the  various  planets,  or  of  the  moon.  And  so,  in 
human  affairs,  we  find  a  large  number  of  individuals 
actino-  together  as  one  nation,  and  the  sagacious  states- 
man "taking  very  much  the  place  of  the  sagacious 
astronomer,  with  regard  to  the  action  and  reaction  of 
various  nations  upon  one  anothei\ 

But  if  we  ask  the  astronomer  or  the  statesman  to 
select  an  individual  particle  and  an  individual  human 
being,  and  predict  the  motions  of  each,  we  shaR  find  that 
both  will  be  completely  at  fault. 

3.  Nor  have  we  far  to  look  for  the  cause  of  their  igno- 
rance. A  continuous  and  restless,  nay,  a  very  compUcated. 
activity  is  the  order  of  nature  throughout  all  her  mdi- 
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vicluals,  whether  these  be  living  beings  or  inanimate 
particles  of  matter.  Existence  is,  in  truth,  one  continued 
fight,  and  a  great  battle  is  always  and  everywhere  raging, 
although  the  field  in  which  it  is  fought  is  often  com- 
pletely shrouded  from  our  view. 

4.  IS'evertheless,  although  we  cannot  trace  the  motions 
of  individuals,  we  may  sometimes  tell  the  result  of  the 
fight,  and  even  j)redict  how  the  day  will  go,  as  well  as 
specify  the  causes  that  contribute  to  bring  about  the 
issue. 

With  great  fi-eedom  of  action  and  much  complication 
of  motion  in  the  individual,  there  are  yet  comparatively 
simple  laws  regulating  the  joiat  result  attainable  by  the 
community. 

But,  before  proceeding  to  these,  it  may  not  be  out 
of  place  to  take  a  very  brief  survey  of  the  organic  and 
inorganic  worlds,  in  order  that  our  readers,  as  well  as 
ourselves,  may  realize  our  common  ignorance  of  the 
ultimate  structui'e  and  properties  of  matter. 

5.  Let  us  begin  by  referring  to  the  causes  which  bring 
about  disease.  It  is  only  very  recently  that  we  have  be- 
gun to  suspect  a  large  number  of  our  diseases  to  be  caused 
by  organic  germs.  Now,  assuming  that  we  are  right  in 
this,  it  must  nevertheless  be  confessed  that  our  ignorance 
about  these  germs  is  most  complete.  It  is  perhaps 
doubtful  whether  we  ever  saw  one  of  these  organisms,* 

*  It  is  said  that  thore  are  one  or  two  instances  wliore  the  microscope 
bas  enlarged  them  into  visibility. 
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while  it  is  certain  that  we  are  in  profound  ignorance  of 
their  properties  and  habits. 

We  are  told  by  some  writers  *  that  the  very  air  we 
breathe  is  absolutely  teeming  with  germs,  and  that  we 
are  surrounded  on  all  sides  by  an  innumerable  an-ay  of 
minute  organic  beings.  It  has  also  been  conjectured 
that  they  are  at  incessant  warfare  among  themselves,  and 
that  we  form  the  spoil  of  the  stronger  party.  Be  this  as 
it  may,  we  are  at  any  rate  intimately  boimd  up  with, 
and,  so  to  speak,  at  the  mercy  of,  a  world  of  creatures,  of 
which  we  know  as  little  as  of  the  inliabitants  of  the 
planet  Mars. 

6.  Yet,  even  here,  with  profound  ignorance  of  the 
individual,  we  are  not  altogether  nnacquainted  with  some 
of  the  habits  of  these  powerful  predatory  communities. 
Thus  we  know  that  cholera  is  eminently  a  low  level 
disease,  and  that  during  its  ravages  we  ought  to  pay 
particvilar  attention  to  the  water  we  drink.  This  is  a 
general  law  of  cholera,  wliich  is  of  the  more  importance 
to  us  because  we  cannot  study  the  habits  of  the  in- 
dividual organisms  that  cause  the  disease. 

Could  we  but  see  these,  and  experiment  upon  them,  we 
should  soon  acquii-e  a  much  more  extensive  knowledge  of 
theii-  habits,  and  perhaps  find  out  the  means  of  extii-pat 
ing  the  disease,  and  of  preventing  its  recurrence. 

Again,  we  know  (thanks  to  Jenner)  that  vaccination 
will°prevent  the  ravages  of  small-pox,  but  in  this  in- 

*  See  Dr.  Ansus  Smith  on  Air  and  Rain. 
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Stance  we  are  no  better  off  than  a  band  of  captives  who 
have  found  out  in  what  manner  to  mutilate  themselves, 
so  as  to  render  them  uninteresting  to  their  victorious  foe' 
7.  But  if  our  knowledge  of  the  nature  and  habits  of 
organized  molecules  be  so  smaU,  oui'  knowledge  of  the 
ultimate  molecules  of  inorganic  matter  is,  if  possible,  still 
smaUer.    It  is  only  very  recently  that  the  leading  men 
of  science  have  come  to  consider  their  very  existence  as  a 
settled  point. 

In  order  to  realize  what  is  meant  by  an  inorganic 
molecule,  let  us  take  some  sand  and  grind  it  into  smaller 
and  smaHer  particles,  and  these  again  into  stiU  smaUor 
In  pomt  of  fact  we  shaU  never  reach  the  superlative 
deoTee  of  smaUness  by  this  operation-yet  in  our  imagi- 
nation we  may  suppose  the  sub-division  to  be  carried  on 
continuously,  always  making  the  particles  smaUer  and 
smaller.    In  this  case  we  should,  at  last,  come  to  an 
ultimate  molecule  of  sand  or  oxide  of  silicon,  or,  in  other 
words,  we  should  arrive  at  the  smaHest  entity  retaining 
aU    he  properties  of  sand,  so  that  were  it  possible  to 
divide  the  molecule  further  the  only  result  would  be  to 
separate  it  into  its  chemical  constituents,  consisting,  of 
silicon  on  the  one  side  and  oxygen  on  the  other 

We  have,  in  truth,  much  reason  to  believe  that  sand 
or  any  other  substance,  is   incapable  of  infinite  sub- 
division, and  that  aU  we  can  do  in  grinding  down  a 
lid  lump_  of  ajiything  is  to  reduce  it  into  lun^^^s  similar 
to  the  original,  but  only  less  in  size,  each  of  these  small 
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lumps  containing  probably  a  great  number  of  individual 
molecules. 

8.  Now,  a  drop  of  water  no  less  than  a  grain  of  sand  is 
built  up  of  a  very  great  number  of  molecules,  attached  to 
one  another  by  the  force  of  cohesion-a  force  which  is 
much  stronger  in  the  sand  than  in  the  water,  but  which 
nevertheless  exists  in  both.    And,  moreover,  Sii'  William 
Thomson,  the  distinguished  physicist,  has  recently  ar- 
rived at  the  foUowing  conclusion  with  regard  to  the  size 
of  the  molecules  of  water.    He  imagines  a  single  drop  of 
water  to  be  magnified  until  it  becomes  as  large  as  the 
earth,  having  a  diameter  of  8000  miles,  and  all  the  mole- 
cules to  be  magnified  in  the  same  proportion;  and  he 
then  concludes  that  a  single  molecule  will  appear,  under 
these  circumstances,  as  somewhat  larger  than  a  shot,  and 
somewhat  smaUer  than  a  cricket  baU. 

9  Whatever  be  the  value  of  this  conclusion,  it  enables 
us  to  realize  the  exceedingly  small  size  of  the  individual 
molecules  of  matter,  and  renders  it  quite  ceiiam  that  we 
shall  never,  by  means  of  the  most  powerfiil  microscope, 
succeed  in  making  visible  these  ultimate  molecules.  Tor 
our  knowledge  of  the  sizes,  shapes,  and  properties  of  such 
bodies,  we  must  always,  therefore,  be  indebted  to  indirect 
evidence  of  a  very  complicated  nature. 

It  thus  appears  that  we  Icnow  little  or  nothing  abou. 
the  shape  or  size  of  molecules,  or  about  the  forces  which 
actuate  them;  and,  moreover,  the  very  largest  masses  or 
the  universe  share  with  the  very  smallest  tins  property 
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3f  being  beyond  the  direct  scrutiny  of  the  human  senses 
— the  one  set  because  they  are  so  far  away,  and  the  other 
because  they  are  so  small. 

10.  Again,  these  molecules  are  not  at  rest,  but,  on  the 
contrary,  they  display  an  intense  and  ceaseless  energy  in 
their  motions.  There  is,  indeed,  an  uninterrupted  warfare 
going  on — a  constant  clashing  together  of  these  minute 
bodies,  which  are  continually  maimed,  and  yet  alwavs 
recover  themselves,  until,  perhaps,  some  blow  is  struck 
sufficiently  powerful  to  dissever  the  two  or  more  simple 
atoms  that  go  to  form  a  compound  molecule.  A  new 
state  of  things  thenceforward  is  the  result. 

But  a  simple  elementary  atom  is  truly  an  immortal 
being,  and  enjoys  the  privilege  of  remaining  unaltered 
and  essentially  unaffected  amid  the  most  powerful  blows 
that  can  be  dealt  against  it — it  is  probably  in  a  state  of 
ceaseless  activity  and  change  of  form,  but  it  is  neverthe- 
less always  the  same. 

11.  Now,  a  little  reflection  will  convince  us  that  we 
liave  in  this  ceaseless  activity  another  barrier  to  an  in- 
timate acquaintance  with  molecules  and  atoms,  for  even 
if  we  could  see  them  they  would  not  remain  at  rest 
sufficiently  long  to  enable  us  to  scrutinize  them. 

No  doubt  there  are  devices  by  means  of  which  we  can 
render  visible,  for  instance,  the  pattern  of  a  quickly 
revolving  coloured  disc,  for  we  may  illuminate  it  by  a 
flash  of  electricity,  and  the  disc  may  be  supposed  to  be 
stationary  during  the  extremely  short  time  of  the  flash. 
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But  -we  cannot  say  tlie  same  about  molecviles  and  atoms, 
for,  could  we  see  an  atom,  and  coxild  we  illuminate  it  by  a 
flash  of  electricity,  the  atom  would  most  probably  have 
vibrated  many  times  during  the  exceedingly  small  time 
of  the  flash.  In  fine,  the  limits  placed  upon  our  senses, 
with  respect  to  space  and  time,  equally  preclude  the 
])0ssibility  of  oxrr  ever  becoming  directly  acquainted  with 
these  exceedingly  minute  bodies,  which  are  nevertheless 
the  raw  materials  of  which  the  whole  universe  is  built. 

Action  and  Reaction,  Equal  and  Opposite. 

12.  But  while  an  impenetrable  veil  is  drawn,  over  the 
individual  in  this  warfare  of  clashing  atoms,  yet  we 
are  not  left  in  profound  ignorance  of  the  laws  which 
determine  the  ultimate  result  of  aU  these  motions,  taken 
together  as  a  whole. 

In  a  Vessel  of  Goldfish. 

Let  us  suppose,  for  instance,  that  we  have  a  glass  globe 
contaioing  numerous  goldfish  standing  on  the  table,  and 
rielicately  poised  on  wheels,  so  that  the  shghtest  push,  the 
one  way  or  the  other,  would  make  it  move.  These  gold- 
fish are  in  active  and  irregular  motion,  and  he  would  be 
a  very  bold  man  who  should  ventiu:e  to  predict  the  move- 
ments of  an  individual  fish.  But  of  one  thing  we  may 
be  quite  certain  :  we  may  rest  assm-ed  that,  notwith- 
standmo-  all  the  irregular  motions  of  its  li\dng  inliabitants. 
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the  globe  containing  the  goldfish  will  remain  at  rest 
upon  its  wheels. 

Even  if  the  table  were  a  lake  of  ice,  and  the  wheels 
were  extremely  delicate,  we  should  find  that  the  globe 
wovld  remain  at  rest.    Indeed,  we  should  be  exceedingly 
surprised  if  we  found  the  globe  going  away  of  its  own 
accord  from  the  one  side  of  the  table  to  the  other,  or  from 
the  one  side  of  a  sheet  of  ice  to  the  other,  in  consequence 
of  the  internal  motions  of  its  inhabitants.    Whatever  be 
the  motions  of  these  individual  units,  yet  we  feel  sure 
that  the  globe  cannot  move  itself  as  a  whole.    In  such  a 
system,  therefore,  and,  indeed,  in  every  system  left  to 
itself,  there  may  be  strong  internal  forces  acting  between 
the  various  parts,  but  these  actions  and  reactions  are 
equal  and  opposite,  so  that  while  the  smaU  parts,  whether 
visible  or  invisible,  are  in  violent  commotion  among  them- 
selves, yet  the  system  as  a  whole  will  remain  at  rest. 

In  a  Rifle. 

13.  Now  it  is  quite  a  legitimate  step  to  pass  from  tliis 
instance  of  the  goldfish  to  that  of  a  rifle  that  has  just 
been  fired.  In  the  former  case,  we  imagined  the  globe 
together  with  its  fishes,  to  form  one  system;  and  in  the 
lattei*,  we  must  look  upon  the  rifle,  with  its  powder  and 
ball,  as  formmg  one  system  also. 

Let  us  suppose  that  the  explosion  takes  place  through 
the  application  of  a  spark  Although  this  spark  is  an 
external  agent,  yet  if  we  reflect  a  Httle  we  shall  see  that 
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its  only  office  in  this  case  is  to  summon  np  the  internal 
forces  already  existing  in  the  loaded  rifle,  and  bring  them 
into  vigorous  action,  and  that  in  vii'tue  of  these  internal 
forces  the  explosion  takes  place. 

The  most  prominent  result  of  this  explosion  is  the  out- 
rush  of  the  rifle  ball  with  a  velocity  that  may,  perhaps, 
carry  it  for  the  best  part  of  a  mile  before  it  comes  to 
rest  •  and  here  it  would  seem  to  us,  at  &st  sight,  that  the 
law  of  equal  action  and  reaction  is  certainly  broken,  for 
these  internal  forces  present  in  the  rifle  have  at  least  pro- 
peUed  part  of  the  system,  namely,  the  rifle  ball,  with  a 
most  enormous  velocity  in  one  direction. 

U  But  a  little  fm-ther  reflection  wiH  bring  to  hght 
another  phenomenon  besides  the  out-msh  of  the  ball. 
It  is  well  known  to  aU  sportsmen  that  when  a  fowhng- 
piece  is  discharged,  there  is  a  kick  or  recoil  of  the  piece 
itself  ao-ainst  the  shoulder  of  the  sportsman,  which  he 
would  rather  get  rid  of,  but  which  we  most  gladly  wel- 
come as  the  solution  of  our  difficulty.    In  plain  tenns 
while  the  ball  is  projected  forwards,  the  rifle  stock  (it 
free  to  move)  is  at  the  same  moment  projected  backwards. 
To  fix  our  ideas,  let  us  suppose  that  the  rifle  stock  weighs 
100  ounces,  and  the  ball  one  ounce,  and  that  the  ball  is 
projected  forwards  with  the  velocity  of  1000  feet  per 
econd;  then  it  is  asserted,  by  the  law  of  action  and  re- 
action, that  the  rifle  stock  is  at  the  same  tmie  projected 
Lkwards  with  the  velocity  of  10  feet  per  second,  so 
that  the  mass  of  the  stock,  multipliell  by  its  velocity  of 
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recoil,  sliaJl  precisely  equal  the  mass  of  the  ball,  multipKed 
by  its  velocity  of  projection.  The  one  product  forms  a 
measure  of  the  action  in  the  one  direction,  and  the  other 
of  the  reaction  in  the  opposite  direction,  and  thus  we 
see  that  in  the  case  of  a  rifle,  as  well  as  in  that  of  the 
globe  of  fish,  action  and  reaction  are  equal  and  opposite. 

In  a  Falling  Stone. 
15.  We  may  even  extend  the  law  to  cases  in  which  we 
do  not  perceive  the  recoil  or  reaction  at  all.    Thus,  if  I 
drop  a  stone  from  the  top  of  a  precipice  to  the  earth,  the 
motion  seems  all  to  be  in  one  direction,  while  at  the 
same  time  it  is  in  truth  the  result  of  a  mutual  attraction 
between  the  earth  and  the  stone.    Does  not  the  earth 
move  also  ?    We  cannot  see  it  move,  but  we  are  entitled 
to  assert  that  it  does  in  reality  move  upwards  to  meet 
the  stone,  although  quite  to  an  imperceptible  extent, 
and  that  the  law  of  action  and  reaction  holds  here  as 
tmly  as  in  a  rifle,  the  only  difierence  being  that  in 
the  one  case  the  two  objects  are  rushing  together,  while 
in  the  other  they  are  rushing  apart.     Inasmuch,  how- 
ever, as  the  mass  of  the  earth  is  very  great  compared 
with  that  of  the  stone,  it  foUows  that  its  velocity  must  be 
extremely  small,  in  order  that  the  mass  of  the  earth, 
nultiplied  into  its  velocity  upwards,  shall  equal  the  mass 
of  the  stone,  multiplied  into  its  velocity  downwards. 

16.  We  have  >ljiis,  in  spite  of  our  ignorance  of  the 
ultimate  atoms  and  molecules  of  matter,  arrived  at  a 
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general  law  whicli  regulates  the  action  of  internal  forces. 
We  see  that  these  forces  are  always  mutually  exerted,  and 
that  if  A  attracts  or  repels  B,  B  in  its  turn  attracts  or 
repels  A.  We  have  here,  in  fact,  a  very  good  instance  of 
that  kind  of  generalization,  which  we  may  arrive  at,  even 
in  spite  of  our  ignorance  of  individuals. 

But  having  now  arrived  at  this  law  of  action  and 
reaction,  do  we  know  all  that  it  is  desirable  to  knov/  ? 
have  we  got  a  complete  imderstanding  of  what  takes 
place  in  all  such  cases — for  instance,  in  that  of  the  rifle 
which  is  just  discharged  ?  Let  us  consider  this  point  a 
little  further. 

The  Rifie  further  considered. 
17.  We  define  quantity  of  motion  to  mean  the  product 
of  the  mass  by  the  velocity ;  and  since  the  velocity  of 
recoil  of  the  rifle  stock,  multiplied  by  the  mass  of  the 
stock,  is  equal  to  the  velocity  of  projection  of  the  rifle 
baU,  multipHed  by  the  mass  of  the  ball,  we  conceive 
ourselves  entitled  to  say  that  the  quantity  of  motion,  oi- 
momentum,  generated  is  equal  in  both  directions,  so  that 
the  law  of  action  and  reaction  holds  here  also.  Never- 
theless, it  caimot  but  occur  to  us  that,  in  some  sense,  the 
motion  of  the  rifle  ball  is  a  very  diff'erent  thing  from  that 
of  the  stock,  for  it  is  one  thing  to  allow  the  stock  to 
recoil  against  your  shoulder  and  discharge  the  ball  into 
the  air,  and  a  very  diftcrent  thing  to  discharge  the  ball 
ao-ainst  yom^  shoulder  and  allow  the  stock  to  fly  into  the 
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air.  And  if  any  man  should  assert  the  absolute  equaHty 
between  the  blow  of  the  rifle  stock  and  that  of  the  rifle 
baU,  you  might  request  him  to  put  his  assertion  to  this 
practical  test,  with  the  absolute  certainty  that  he  would 
decHne.  Equality  between  the  two  .'—Impossible  !  Why 
if  this  were  the  case,  a  company  of  soldiers  eno^ao-ed  hi 
war  would  sufl^er  much  more  than  the  enemy  against 
whom  they  filled,  for  the  soldiers  would  certainly  feel 
each  recoil,  whOe  the  enemy  would  suff-er  from  only  a 
small  proportion  of  the  buUets. 

TJie  Rifle  Ball  possesses  Energy. 

18.  Now,  what  is  the  meaning  of  this  great  diff-erence 
between  the  two  ?    We  hnvi^  a         i  ,  ■  „ 

■        j-^  perception  of  a 

mgt.y  difference,  and  it  onjy  remains  for  us  to  clothe 
oui^naked  impressions  in  a  properly  fitting  scientific 

sonuAmg  which  the  HJk  hall  possesses  in  contra- 
'°        "P'  ^toek  is  dean,  the  po  Tof 

wood  or  through  water,  or  (alas!  that  it  should  be  so 
often  t„ed)  through  the  human  body,  and  this  power  of 
pen^ation  is  the  distinguishing'characterisr  a 
substance  movmg  with  very  great  velocity 

the  riflttr  ^  '™  t"--  P°-«  which 

wor"    Of  °f  obstacles  or  of  doing 

ence  to  til      "  T  ™^       ™-<'  without  refei^ 

to  the  moral  character  of  the  thing  done,  and  con- 
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ceive  ourselves  entitled  to  sum  up,  with  perfect  propriety 
and  innocence,  the  amount  of  work  done  in  chilling  a  hole 
tln-ouo-h  a  deal  hoard  or  through  a  man. 

20  ''a  hody  such  as  a  rifle  baU,  moving  with  very  great 
velocity,  has,  therefore,  energy,  and  it  requkes  very  little 
consideration  to  perceive  that  this  energy  will  he  jpro- 
portional  to  its  weight  or  mass,  for  a  haU  of  two  ounces 
movmg  with  the  velocity  of  1000  feet  per  second  wall  he 
the  same  as  two  haUs  of  one  otmce  mo^ang  with  this 
velocity,  hut  the  energy  of  two  similarly  moving  ounce 
halls  will  manifestly  he  double  that  of  one,  so  that  the 
energy  is  proportional  to  the  weight,  if  we  imagme  that, 
meanwhile,  the  velocity  remains  the  same.  _ 

21  But  on  the  other  hand,  the  energy  is  not  snnpiy 
proportional  to  the  velocity,  for,  if  it  were,  the  energy  of 
the  rifle  stock  and  of  the  rifle  ball  would  be  the  same, 
inasmuch  as  the  rifle  stock  would  gain  as  much  by  its 
superior  mass  as  it  would  lose  by  its  inferior  velocity 
Therefore,  the  energy  of  a  moving  body  mcreases  with  he 
velocity  more  quickly  than  a  simple  proportion,  so  that 
if  the  velocity  be  doubled,  the  energy  is  more  than 
doubled.    Now,  in  what  manner  does  the  energy  mcrease 
with  the  velocity  ?    That  is  the  question  we  have  now  to 
answer,  and,  in  doing  so,  we  must  appeal  to  the  famihar 
facts  of  everyday  observation  and  experience. 

22  In  the  first  place,  it  is  well  known  to  artiUer3nnen, 
that' if  a  ban  have  a  double  velocity,  i^s  Pene^atuig 
power  or  energy  is  increased  nearly  fourfold,  so  that  it 
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will  pierce  through  four,  or  nearly  four,  times  as  many- 
deal  boards  as  the  ball  with  only  a  single  velocity — in 
other  Avords,  they  will  tell  us.  in  mathematical  language, 
that  the  energy  varies  as  the  square  of  the  velocity. 

Definition  of  Work 
23.  And  now,  before  proceeding  further,  it  will  be 
necessary  to  tell  our  readers  how  to  measure  work  in  a 
strictly  scientific  mamier.     We  have  defined  energy  to  be 
the  power  of  doing  work,  and  although  every  one  has  a 
general  notion  of  what  is  meant  by  work,  that  notion 
may  not  be  sufficiently  precise  for  the  purpose  of  tlois 
volume.     How,  then,  are  we  to  measure  work?  For- 
tunately, we  have  not  far  to  go  for  a  practical  means  of 
doing  this.  Indeed,  there  is  a  force  at  hand  which  enables 
us  to  accomplish  this  measui'ement  with  the  greatest  pre- 
cision, and  this  force  is  gTavity.    Now,  the  first  operation 
lu  any  kind  of  numerical  estimate  is  to  fix  upon  our  unit 
or  standard.    Thus  we  say  a  rod  is  so  many  inches  long, 
or  a  road  so  many  miles  long.    Here  an  inch  and  a  milt 
are  chosen  as  our  standards.    In  like  manner,  we  speak  of 
so  many  seconds,  or  minutes,  or  hours,  or  days,  or  years, 
choosing  that  standard  of  time  or  duration  which  is  most 
convenient  for  our  piu^Dose.    So  in  like  manner  we  must 
choose  our  unit  of  work,  but  in  order  to  do  so  we  must 
first  of  all  choose  our  units  of  weight  and  of  length,  and 
for  these  we  will  take  the  kilogramme  and  the  metre, 
these  being  the  units  of  the  metrical  system.    The  kilo- 
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gramme  coiTesponds  to  aloout  15,432  •  35  English  gTains, 
"being  rather  more  than  two  pounds  avoirdupois,  and  the 
metre  to  about  39  •  371  Enghsh  inches. 

Now,  if  we  raise  a  kilogramme  weight  one  metre  in 
vertical  height,  we  are  conscious  of  putting  forth  an 
effort  to  do  so,  and  of  being  resisted  in  the  act  by  the 
force  of  gravity.  In  other  words,  we  spend  energy  and 
do  work  in  the  process  of  raising  this  weight. 

Let  us  agree  to  consider  the  energy  spent,  or  the  work 
done,  in  tliis  operation  as  one  unit  of  work,  and  let  us  call 
it  the  Mlogrammetre. 

24.  In  the  next  place,  it  is  very  obvious  that  if  we  raise 
the  kilooramme  two  metres  in  height,  we  do  two  units  ot 
work — if  three  metres,  three  units,  and  so  on. 

And  again,  it  is  equally  obvious  that  if  we  raise  a 
weight  of  two  Idlogrammes  one  metre  high,  we  likewise 
do  two  units  of  work,  while  if  we  raise  it  two  metres  high, 
we  do  four  units,  and  so  on. 

Erom  these  examples  we  are  entitled  to  derive  the 
following  rule  -.—Multiply  the  ^ueight  raised  (in  Idlo- 
rjrammes)  by  the  vertical  height  (in  metres)  through  xvhich 
it  is  raised,  and  the  result  will  he  the  work  done  (in 
Jcilogrammetres). 

Relation  between  Velocity  and  Energy. 

25.  Having  thus  laid  a  numerical  foundation  for  our 
superstructure,  let  us  next  proceed  to  investigate  the  rela- 
tion between  velocity  and  energy.    But  first  let  us  say  a 
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few  words  about  velocity.  This  is  one  of  the  few  cases  in 
whicli  everyday  experience  will  aid,  rather  than  hinder, 
us  in  our  scientific  conception.  Indeed,  we  have  con- 
stantly before  us  the  example  of  bodies  moving  with 
variable  velocities. 

Thus  a  railway  train  is  approaching  a  station  and  is 
just  beginning  to  slacken  its  pace.    When  we  begin  to 
observe,  it  is  moving  at  the  rate  of  forty  mu'es  an 
hom\    A  minute  afterwards  it  is  moving  at  the  rate 
of  twenty  mUes  only,  and  a  minute  after  that  it  is  at 
rest.    For  no  two  consecutive  moments  has  this  train 
;  continued  to  move  at  the  same  rate,  and  yet  we  may 
say,  with  .perfect  propriety,  that  at  such  a  moment 
the  train  was  moving,  say,  at  the  rate  of  thirty  miles 
an  hour.    We  mean,  of  course,  that  had  it  continued  to 
move  for  an  hour  with  the  speed  which  it  had  when 
we  made  the  observation,  it  would  have  gone  over 
thn-ty  miles.    We  know  that,  as  a  matter  of  fact,  it  did 
not  move  for  two  seconds  at  that  rate,  but  this  is  of  no 
consequence,  and  hardly  at  aU  interferes  with  our  mental 
gi-asp  of  the  problem,  so  accustomed  are  we  aU  to  cases 
of  variable  velocity. 

26.  Let  us  now  imagine  a  kilogi-amme  weight  to  be 
shot  vertically  upwards,  with  a  certain  initial  velocity- 
let  us  say,  with  the  velocity  of  9  •  8  metres  in  one  second. 
Gravity  wiU   of  course,  act  against  the  weight,  and 

railway  tram  the  break  was  constantly  reducing  the 


c 
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velocity.  But  yet  it  is  very  easy  to  see  what  is  meant 
by  an  initial  velocity  of  9  •  8  metres  per  second ;  it  means 
that  if  gravity  did  not  interfere,  and  if  the  air  did  not 
resist,  and,  in  fine,  if  no  external  influence  of  any  kind 
were  allowed  to  act  upon  the  ascending  mass,  it  would  be 
found  to  move  over  9  •  8  metres  in  one  second. 

Now,  it  is  well  known  to  those  who  have  studied  the 
laws  of  motion,  that  a  body,  shot  upwards  with  the 
velocity  of  9  •  8  metres  in  one  second,  wiU  be  brought 
to  rest  when  it  has  risen  4  •  9  metres  in  height.    If,  there- 
fore, it  be  a  kilogramme,  its  upward  velocity  will  have 
enabled  it  to  raise  itself  4  •  9  metres  in  height  against  the 
force  of  gravity,  or,  in  other  words,  it  will  have  done  4  •  9 
units  of  work  ;  and  we  may  imagme  it,  when  at  the  top  of 
its  ascent,  and  just  about  to  turn,  caught  in  the  hand  and  ■ 
lodged  on  the  top  of  a  house,  instead  of  being  aUowed  to 
falfagain  to  the  ground.    We  are,  therefore,  entitled  to 
say  that  a  kilogramme,  shot  upwards  with  the  velocity 
of  9  •  8  metres  per  second,  has  energy  equal  to  4  •  9,  mas- 
much  as  it  can  raise  itself  4  •  9  metres  in  height. 

27.  Let  us  next  suppose  that  the  velocity  with  which 
the  kilogramme  is  shot  upwards  is  that  of  19  '6  metres 
per  second.  It  is  known  to  all  who  have  studied  dy- 
namics that  the  kilogramme  will  now  mount  not  only 
twice,  but  four  times  as  high  as  it  did  in  the  last  in- 
stance—in other  words,  it  will  now  mount  19-6  metres 

in  height.  . 

Evidently,  then,  in  accordance  with  our  prmeiples  ot 


WHAT  IS  ENEEGY? 


19 


measurement,  the  kilogTamme  has  now  four  times  as 
much  energy  as  it  had  in  the  last  instance,  because  it 
can  raise  itself  four  times  as  high,  and  therefore  do  four 
times  as  much  work,  and  thus  we  see  that  the  energy  is 
increased  four  times  by  doubling  the  velocity. 

Had  the  initial  velocity  been  three  times  that  of  the 
first  instance,  or  29  •  4  metres  per  second,  it  might  in  like 
manner  be  shown  that  the  height  attained  would  have 
been  44  •  1  metres,  so  that  by  tripling  the  velocity  the 
energy  is  increased  nine  times. 

28.  We  thus  see  that  whether  we  measure  the  energy 
of  a  moving  body  by  the  thickness  of  the  planks  through 
which  it  can  pierce  its  way,  or  by  the  height  to  which  it 
can  raise  itself  against  gravity,  the  result  arrived  at  is 
the  same.  We  find  the  energy  to  be  proportional  to 
the  square  of  the  velocity,  and  we  may  formularize 
our  conclusion  as  follows  : — 

Let  V  =  the  initial  velocity  expressed  in  metres  per 

second,  then  the  energy  in  kUogrammetres  =  Of 

19  •  6  ■ 

course,  if  the  body  shot  upwards  weighs  two  kilogrammes 
then  everything  is  doubled,  if  three  kilogi^mes,  tripled' 
and  so  on ;  so  that  finaUy,  if  we  denote  by  m  the  mass  of 
the  body  m  kHogi'ammes,  we  shaU  have  the  energy  in  kilo- 
grammetres  =  To  test  the  truth  of  this  formula, 

we  have  only  to  apply  it  to  the  cases  described  in  Ai-ts. 
26  and  27. 
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29.  We  may  farther  illustrate  it  by  one  or  two 
examples.  For  instance,  let  it  be  required  to  find  the 
.energy  contained  in  a  mass  of  five  kilogrammes,  shot  up- 
-wards  with  the  velocity  of  20  metres  per  second 

Here  we  have  m  =  5  and  ^;  =  20,  hence— 

Ener^  =  ^=r:  =  --°*-'^- 
A^ain,  let  it  be  required  to  find  the  height  to  which  the 
mass  of  the  last  question  will  ascend  before  it  stops.  We 
know  that  its  energy  is  102  -04.,  and  that  its  mass  is  5. 
Dividing  102  •  04  by  5,  we  obtain  20  •  408  as  the  height 
to  which  this  mass  of  five  kilogTammes  must  ascend  in 
order  to  do  work  equal  to  102  •  04  kilogi-ammetres. 

30.  In  what  we  have  said  we  have  taken  no  account 
either  of  the  resist.ajice  or  of  the  buoyancy  of  the  atmo- 
sphere ;  in  fact,  we  have  supposed  the  experiments  to  be 
made  in  vacuo,  or,  if  not  in  vacuo,  made  by  means  of  a 
heavy  mass,  like  lead,  which  wiH  be  veiy  little  influenced 
either  by  the  resistance  or  buoyancy  of  the  air. 

We  must  not,  however,  forget  that  if  a  sheet  of  paper, 
or  a  feather,  be  shot  upwards  with  the  velocities  men- 
tioned in  our  text,  they  will  certainly  not  rise  m  the  au- 
to nearly  the  height  recorded,  but  will  be  much  sooner 
brought  to  a  stop  by  the  very  great  resistance  winch  they 
encounter  from  the  air,  on  account  of  their  great  sui-face, 
combined  with  their  smaU  mass. 

On  the  other  hand,  if  the  substance  we  make  use  of  be 
a  lar^e  light  bag  fiUed  with  hydrogen,  it  mil  find  its  way 
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npAvai'ds  without  any  effort  on  our  part,  and  we  shall  cer- 
tainly be  doing  no  work  by  carrying  it  one  or  more 
metres  in  height — it  will,  in  reality,  help  to  pull  us  up, 
instead  of  requiring  help  from  us  to  cause  it  to  ascend. 
In  fine,  what  we  have  said  is  meant  to  refer  to  the  force  of 
gravity  alone,  without  taking  into  accoimt  a  resisting 
medium  such  as  the  atmosjDhere,  the  existence  of  which 
need  not  be  considered  in  our  present  calculations. 

31.  It  should  likewise  be  remembered,  that  while  the 
energy  of  a  moving  body  depends  upon  its  velocity,  it  is 
independent  of  the  direction  in  which  the  body  is 
moving.  We  have  supposed  the  body  to  be  shot  up- 
wards with  a  given  velocity,  but  it  might  be  shot  hori- 
zontally with  the  same  velocity,  when  it  would  have 
precisely  the  same  energy  as  before.  A  cannon  ball,  if 
fired  vertically  upwards,  may  either  be  made  to  spend 
its  energy  in  raising  itself,  or  in  piercing  through  a 
series  of  deal  boards.  Now,  if  the  same  ball  be  fired 
horizontally  with  the  same  velocity  it  will  pierce  tlirough 
the  same  number  of  deal  boards. 

In  fine,  direction  of  motion  is  of  no  consequence,  and 
the  only  reason  why  we  have  chosen  vertical  motion  is 
that,  in  this  case,  there  is  always  the  force  of  gi-avity 
steadily  and  constantly  opposing  the  motion  of  the  body, 
and  enabling  us  to  obtam  an  accurate  measure  of  the 
work  which  it  does  by  piercing  its  way  upwards  against 
this  force. 

32.  But  gravity  is  not  the  only  force,  and  we  might 
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measure  the  energy  of  a  moving  body  by  the  extent  to 
•which  it  would  bend  a  powerful  spring  or  resist  the  at- 
traction of  a  powerful  magnet,  or,  in  fine,  we  might  make 
use  of  the  force  which  best  suits  oiu:  purpose.  If  this 
force  be  a  constant  one,  we  must  measure  the  energy  of 
the  moving  body  by  the  space  which  it  is  able  to  traverse 
against  the  action  of  the  force— just  as,  in  the  case  of 
gravity,  we  measured  the  energy  of  the  body  by  the  space 
through  which  it  was  able  to  raise  itself  against  its  OAvn 
weight. 

33.  We  must,  of  course,  bear  in  mind  that  if  this  force 
be  more  powerful  than  gravity,  a  body  moved  a  short 
distance  against  it  will  represent  the  expenditure  of  as 
much  energy  as  if  it  were  moved  a  greater  distance 
against  gravity.  In  fine,  we  must  take  account  both 
of  the  strength  of  the  force  and  of  the  distance  moved 
over  by  the  body  against  it  before  we  can.  estimate  in  an 
accurate  matter  the  work  which  has  been  done. 


(   23  ) 


CHAPTER  II. 

MECHANICAL  ENERGY  AND  ITS  CHANGE  INTO  HEAT. 
Energy  of  Position.    A  Stone  high  up. 
34.  In  the  last  chapter  it  was  shown  what  is  meant 
by  energy,  and  how  it  depends  upon  the  velocity  of 
a  moving  body;   and    now   let   us  state  that  this 
same  energy  or  power  of  doing  work  may  neverthe- 
less be  possessed  by  a  body  absolutely  at  rest.  It 
wiU  be  remembered  (Art.  26)  that  in  one  case  where 
a  Idlogi-amme  was  shot  verticaUy  upwards,  we  supposed 
it  to  be  caught  at  the  summit  of  its  flight  and  lodged  on 
the  top  of  a  house.    Here,  then,  it  rests  without  motion, 
but  yet  not  without  the  power  of  domg  work,  and  hence' 
not  without  energy.  For  we  know  very  well  that  if  we  let 
it  fall  it  ynH  strike  the  ground  with  as  much  velocity,  and, 
therefore,  with  as  much  energy,  as  it  had  when  it  was 
ongmaUy  projected  upwards.    Or  we  may,  if  we  choose, 
make  use  of  its  energy  to  assist  us  in  diiving  in  a  pHe,  or 
utilize  it  in  a  multitude  of  ways. 

In  its  lofty  position  it  is,  therefore,  not  without  energy, 
but  this  IS  of  a  quiet  nature,  and  not  due  in  the  least  to 
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motion.  To  what,  then,  is  it  due  ?  We  reply — to  the 
position  which  the  kilogramme  occupies  at  the  top  of  the 
house.  For  just  as  a  body  in  motion  is  a  very  different 
thing  (as  regards  energy)  from  a  body  at  rest,  so  is  a  body 
at  the  top  of  a  house  a  very  different  thing  from  a  body 
at  the  bottom. 

To  illustrate  this,  we  may  suppose  that  two  men  of 
equal  activity  and  strength  are  fighting  together,  each 
having  his  pile  of  stones  with  which  he  is  about  to  be-  . 
labour  his  adversary.  One  man,  however,  has  secured  for 
himself  and  his  pile  an  elevated  position  on  the  top  of  a 
house,  while  his  enemy  has  to  remain  content  with  a 
position  at  the  bottom.  Now,  under  these  circumstances, 
you  can  at  once  tell  wliich  of  the  two  will  gain  the  day 

 evidently  the  man  on  the  top  of  the  house,  and  yet  not 

on  account  of  his  own  superior  energy,  but  rather  on 
account  of  the  energy  which  he  derives  from  the  elevated 
position  of  his  pile  of  stones.  We  thus  see  that  there 
is  a  kind  of  energy  derived  from  position,  as  well  as  a 
kind  derived  from  velocity,  and  we  shall,  in  future,  call 
the  former  energy  of  position,  and  the  latter  energy  of 
motion. 

A  Head  of  Water. 

35.  In  order  to  vary  oui-  illustration,  let  us  suppose 
there  are  two  miUs,  one  with  a  large  pond  of  water  near 
it  and  at  a  high  level,  while  the  other  has  also  a  pond, 
but  at  a  lower  level  than  itself.     We  need  hardly  ask 
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wliicli  of  tlie  two  is  likely  to  work— clearly  the  one 
with  the  pond  at  a  low  level  can  derive  from  it  no  advan- 
tage whatever,  while  the  other  may  use  the  high  level 
pond,  or  head  of  water,  as  this  is  sometimes  caUed,  to 
cbive  its  wheel,  and  do  its  work.  There  is,  thus,  a  great 
deal  of  work  to  be  got  out  of  water  high  up— real  sub- 
stantial work,  such  as  gxinding  corn  or  thrashing  it,  or 
tui-ning  wood  or  sawing  it.  On  the  other  hand,  there  iJ  no 
work  at  aU  to  be  got  from  a  pond  of  water  that  is  low  down. 

A  Cross-boiu  bent.    A  Watch  wound  up. 

36.  In  both  of  the  iHustrations  now  given,  we  have 
used  the  force  of  gra^dty  as  that  force  against  which  we 
are  to  do  work,  and  in  virtue  of  which  a  stone  high  up 
or  a  head  of  water,  is  in  a  position  of  advantage,  and  has 
the  power  of  doing  work  as  it  falls  to  a  lower  level  But 
there  are  other  forces  besides  gravity,  and,  with  respect  to 
these,  bodies  may  be  in  a  position  of  advantage  and  be 
able  to  do  work  just  as  truly  as  the  stone,  or  the  head  of 
water,  m  the  case  before  mentioned. 

Let  us  take,  for  instance,  the  force  of  elasticity,  and 
consider  what  happens  in  a  cross-bow.  When  this  is 
bent,  the  bolt  is  evidently  in  a  position  of  advantage 
w^th  regard  to  the  elastic  force  of  the  bow;  and  when 
xt  IS  discharged,  this  energy  of  position  of  the  bolt  is 
converted  mto  energy  of  motion,  just  as,  when  a  stone  on 
the  top  of  a  house  is  aUowed  to  faU,  its  energy  of  posi- 
tion IS  converted  into  that  of  actual  motion 
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In  like  manner  a  watch  wound  up  is  in  a  position  of 
advantage  with  respect  to  the  elastic  force  of  the  main-  . 
spring,  and  as  the  wheels  of  the  watch  move  this  is 
gradually  converted  into  energy  of  motion 

Advantage  of  Position. 

37.  It  is,  in  fact,  the  fate  of  aU  kinds  of  energy  of 
position  to  he  ultimately  converted  into  energy  of  motion. 

The  former  may  be  compared  to  money  in  a  bank,  or 
capital,  the  latter  to  money  which  we  are  in  the  act  of 
spending;  and  just  as,  when  we  have  money  in  a  bank,  we 
can  draw  it  out  whenever  we  want  it,  so,  in  the  case  of 
energy  of  position,  we  can  make  use  of  it  whenever  we 
please.    To  see  this  more  clearly,  let  us  compare  together 
a  watermill  driven  by  a  head  of  water,  and  a  windmiU 
driven  by  the  wind.    In  the  one  case  we  may  tui'n  on 
the  water  whenever  it  is  most  convenient  for  us,  but  m 
the  other  we  must  wait  until  the  wind  happens  to  blow. 
The  former  has  all  the  independence  of  a  rich  man;  the 
latter  all  the  obsequiousness  of  a  poor  one.    If  we  pursue 
the  analogy  a  step  fui'ther,  we  shall  see  that  the  gi-eat 
capitalist,  or  the  man  who  has  acquii'ed  a  lofty  position, 
is  respected  because  he  has  the  disposal  of  a  great 
quantity  of  energy;  and  that  whether  he  be  a  nobleman 
or  a  sovereign,  or  a  general  in  command,  he  is  powerful 
only  from  having  something  which  enables  him  to  make 
use  of  the  services  of  others.    When  the  man  of  wealth 
pays  a  labouring  man  to  work  for  him,  he  is  in  truth 
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converting  so  much  of  his  energy  of  position  into  actucal 
energy,  just  as  a  miUer  lets  out  a  portion  of  his  head  of 
water  in  order  to  do  some  work  by  its  means. 

Transmutations  of  Visible  Energy.— A  Kilogramme 
shot  upwards. 

38.  We  have  thus  endeavoured  to  show  that  there  is 
an  energy  of  repose  as  weU  as  a  living  energy,  an  energy 
of  position  as  well  as  of  motion;  and  now  let  us  tra^'ce 
the  changes  which  take  place  in  the  energy  of  a  weight, 
shot  vertically  upwards,  as  it  continues  to  rise.  It  starts 
with  a  certam  amount  of  energy  of  motion,  but  as  it 
ascends,  this  is  by  degrees  changed  into  that  of  position 
until,  when  it  gets  to  the  top  of  its  flight,  its  energy  is 
entn^ely  due  to  position. 

To  take  an  example,  let  us  suppose  that  a  kilooramme 
IS  projected  vertically  upwards  with  the'  velocity  of  19  •  6 
metres  in  one  second.  According  to  the  formula  of  Art 
28  It  contains  19  •  6  units  of  energy  due  to  its  actual 
velocity. 

I£  we  examine  it  at  the  end  of  one  second,  we  shall 
find  that  It  has  risen  14  •  7  metres  in  height,  and  has  now 
the  velocity  of  9-8.  This  velocity  we  know  (Axt  26) 
denotes  an  amount  of  actual  energy  equal  to  4  •  9,  while 
the  height  reached  coiresponds  to  an  energy  of  position 
equal  to  14-7  The  kilogi^mme  has,  the^Iforc'at  this 
moment  a  total  energy  of  19  •  6,  of  which  14  •  7  units  are 
due  to  position,  and  4  •  9  to  actual  motion 
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If  we  next  examine  it  at  the  end  of  another  second,  we 
shall  find  that  it  has  just  been  brought  to  rest,  so  that  its 
energy  of  motion  is  nil ;  nevertheless,  it  has  succeeded  m 
raising  itself  19-6  metres  in  height,  so  that  its  energy  of 
position  is  19  •  6. 

There  is,  therefore,  no  disappearance  of  energy  during 
the  rise  of  the  kilogramme,  but  merely  a  gradual  change 
from  one  kind  to  another.  It  starts  with  actual  energy, 
and  this  is  gradually  changed  into  that  of  position ;  but 
if,  at  any  stage  of  its  ascent,  we  add  together  the  actual 
energy  of  the  kilogramme,  and  that  due  to  its  position, 
we  shall  find  that  their  sum  always  remains  the  same. 

39.  Precisely  the  reverse  takes  place  when  the  kilo- 
gramme begins  its  descent.    It  starts  on  its  downward 
journey  with  no  energy  of  motion  whatever,  but  with  a 
certain  amount  of  energy  of  position ;  as  it  falls,  its 
energy  of  position  becomes  less,  and  its  actual  energy 
greater,  the  sum  of  the  two  remahiing  constant  through- 
out, untn,  when  it  is  about  to  strike  the  gxound,  its 
energy  of  position  has  been  entii'ely  changed  into  that 
of  actual  motion,  and  it  now  approaches  the  ground 
with  the  velocity,  and,  therefore,  with  the  energy,  which 
it  had  when  it  was  origmally  projected  upwards. 

The  Inclined  Plane. 
40.  We  have  thus  traced  the  transmutations,  as  regards 
energy,  of  a  kilogxamme  shot  verticaUy  upwards,  and 
allowed  to  fall  again  to  the  earth,  and  we  may  now 
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vary  onr  hypothesis  by  making  the  kilogi-amme  rise 
vertically,  but  descend  by  means  of  a  smooth  inclined 
plane  without  friction — imagine  in  fact,  the  kilogramme 
to  be  shaped  like  a  ball  or  roller,  and  the  plane  to  be 
perfectly  smooth.  ISTow,  it  is  well  known  to  all  students 
of  dynamics,  that  in  such  a  case  the  velocity  which  the 
kilogramme  has  when  it  has  reached  the  bottom  of  the 
plane  will  be  equal  to  that  which  it  would  have  had  if 
it  had  been  dropped  down  vertically  through  the  same 
height,  and  thus,  by  introducing  a  smooth  inclined  plane 
of  this  kind,  you  neither  gain  nor  lose  anything  as  regards 
energy. 

In  the  first  place,  you  do  not  gain,  for  think  what 
would  happen  if  the  kilogramme,  when  it  reached  the 
bottom  of  the  incHned  plane,  should  have  a  greater 
velocity  than  you  gave  it  originaUy,  when  you  shot  it  up. 
It  would  evidently  be  a  profitable  thing  to  shoot  up  the 
kilogTamme  verticaUy,  and  bring  it  down  by  means  of 
the  plane,  for  you  would  get  back  more  energy  than  you 
originally  spent  upon  it,  and  in  every  sense  you  would 
be  a  gainer.  You  might,  in  fact,  by  means  of  appropriate 
apparatus,  convert  the  arrangement  into  a  perpetual 
motion  machine,  and  go  on  accumulating  energy  without 
limit— but  this  is  not  possible. 

On  the  other  hand,  the  inclined  plane,  unless  it  be 
rough  and  angular,  will  not  rob  you  of  any  of  the  energy 
of  the  kilogi^amme,  but  will  restore  to  you  the  full  amount, 
when  once  the  bottom  has  been  reached.    Nor  does  it 
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matter  wliat  be  tlie  length  or  shape  of  the  plane,  or 
^vhether  it  he  straight,  or  curved,  or  spii'al,  for  in  all 
cases,  if  it  only  he  smooth  and  of  the  same  vertical 
height,  jou  will  get  the  same  amount  of  energy  by  causing 
the  kilogramme  to  fall  from  the  top  to  the  bottom 

41.  But  while  the  energy  remains  the  same,  the  time 
of  descent  will  vary  according  to  the  length  and  shape  of 
the  plane,  for  evidently  the  kilogramme  will  take  a  longer 
time  to  descend  a  very  sloping  plane  than  a  very  steep 
one.  In  fact,  the  sloping  plane  will  take  longer  to  gene- 
rate the  requisite  velocity  than  the  steep  one,  but  both 

 ^       -vyiU  have  produced  the  same  result  as  regards 

energy,  when  once  the  kilogTamme  has  arrived 
at  the  bottom. 

Functions  of  a  Machine. 
42.  Our  readers  are  now  beginning  to  per- 
ceive that  energy  cannot  be  created,  and  that 
by  no  means  can  we  coax  or  cozen  Dame 
Nature  into  giving  ns  back  more  than  we  are 
entitled  to  get.  To  impress  this  fundamental 
principle  still  more  strongly  upon  our  minds, 
let  us  consider  in  detail  one  or  two  mechan- 
ical contrivances,  and  see  what  they  amoimt 
to  as  regards  energy. 

Let  us  begin  with  the  second  system  of 
pulleys.  Here  we  have  a  power  P  attached 
to  the  one  end  of  a  thread,  which  passes 


Pi 
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over  all  the  pulleys,  and  is  ultimately  attached,  by  its 
other  extremity,  to  a  hook  in  the  upper  or  fixed  block. 
The  weight  W  is,  on  the  other  hand,  attached  to  the 
lower  or  moveable  block,  and  rises  with  it.    Let  us 
suppose  that  the  pulleys  are  without  weight  and  the 
cords  without  friction,  and  that  W  is  supported  by  six 
cords,  as  in  the  figure.    Now,  when  there  is  equilibrium 
in  this  machine,  it  is  well  known  that  W  will  be  equal 
to  six  times  P  ;  that  is  to  say,  a  power  of  one  IdlogTamme 
win,  in  such  a  machine,  balance  or  support  a  weight  of 
six  kilogTammes.    If  p  be  increased  a  single  grain  more, 
it  will  overbalance  w,  and  p  will  descend,  while  w  will 
begin  to  rise.    In  such  a  case,  after  p  has  descended,  say 
•six  metres,  its  weight  being,  say,  one  kilogramme,  it  has 
lost  a  quantity  of  energy  of  position  equal  to  six  units, 
since  it  is  at  a  lower  level  by  six  metres  than  it  was  before. 
We  have,  in  fact,  expended  upon  our  machine  six  units 
of  energy.    Now,  what  retui-n  have  we  received  for  this 
espenditm-e  ?    Om-  return  is  clearly  the  rise  of  w,  and 
mechanicians  will  teU  us  that  in  this  case  w  will  'have 
risen  one  metre. 

But  the  weight  of  w  is  six  kilogrammes,  and  thi? 
havmg  been  raised  one  metre  represents  an  energy  of 
position  equal  to  six.  We  have  thus  spent  upon  our 
inachme,  in  the  fall  of  p,  an  amount  of  energy  equal  to 
SIX  units,  and  obtained  in  the  rise  of  w  an  equivalent 
amount  equal  to  six  units  also.  We  have,  in  truth 
neither  gamed  nor  lost  energy,  but  simply  changed  it 
into  a  form  more  convenient  for  our  use. 


rig.  2. 
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43.  To  impress  this  truth  still  more  strongly,  let  us 
take  quite  a  different  machine,  such  as  the  hydrostatic 

press.    Its  mode  of  action  wiU  he 
perceived  from  Fig.  2.     Here  we 
have  two  cylinders,  a  wide  and 
a  narrow  one,  which   are  con- 
nected together  at  the  hottom  by 
means  of  a  strong  tube.    Each  of 
these  cylinders  is  provided  with 
a  water-tight  piston,  the  space  beneath  being  fiUed  with 
water.    It  is  therefore  manifest,  since  the  two  cylinders 
are  connected  together,  and  since  water  is  incompressible, 
that  when  we  push  down  the  one  piston  the  other  will  be 
pushed  up.    Let  us  suppose  that  the  area  of  the  small  pis- 
ton is  one  square  centimetre,*  and  that  of  the  large  piston 
one  hundi-ed  square  centimetres,  and  let  us  apply  a  weight 
of  ten  kilogrammes  to  the  smaUer  piston.    Now,  it  is 
known,  from  the  laws  of  hydrostatics,  that  every  square 
centimetre  of  the  larger  piston  >vill  be  pressed  upwards 
with  the  force  of  ten  kilogrammes,  so  that  the  piston  wiU 
altogether  mount  with  the  force  of  1000  kilogivammes- 
that^is  to  say,  it  will  raise  a  weight  of  this  amoimt  as  it 

ascends.  r.    i  •  i 

Here  then,  we  have  a  machine  in  vii-tue  of  winch  a 

pressure  of  ten  kilogrammes  on  the  smaU  piston  enables 

the  large  piston  to  rise  .vith  the  force  of  1000  kilo- 
*  That  is  to  say,  a  square  the  side  of  wWch  is  one  centimetre,  or  the 

hnndredth  part  of  a  metre. 
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gi-ammes.  But  it  is  very  easy  to  see  that,  while  the 
small  piston  falls  one  metre,  the  large  one  will  only  rise 
one  centimetre.  For  the  quantity  of  water  under  the 
pistons  being  always  the  same,  if  this  be  pushed  down 
one  metre  in  the  narrow  cylinder,  it  will  only  rise  one 
centimetre  in  the  wide  one. 

Let  us  now  consider  what  we  gain  by  this  machine.  The 
power  of  ten  kilogrammes  appHed  to  the  smaHer  piston  is 
made  to  faU  through  one  metre,  and  this  represents  the 
amount  of  energy  which  we  have  expended  upon  our 
machme,  while,  as  a  return,  we  obtam  1000  kilogrammes 
raised  through  one  single  centimetre.    Here,  then  as  in 
the  case  of  the  puUeys,  the  return  of  energy  is  precisely 
the  same  as  the  expenditure,  and,  provided  we  ignore 
faction,  we  neither  gain  nor  lose  anything  by  the  machine 
All  that  we  do  is  to  transmute  the  energy  into  a  more 
convenient  form-what  we  gain  in  power  we  lose  in 
space;  but  we  are  willing  to  sacrifice  space  or  quickness 
of  motion  in  order  to  obtain  the  tremendous  pressure  or 
force  which  we  get  by  means  of  the  hydi^ostatic  press. 

Principle  of  Virtual  Velocities. 
44  These  illustrations  will  have  prepared  our  readers 

L  TT  '""^'^^^      ^  This  was 

cieariy  defined  by  Galileo,  who  saw  that  in  any 

smaU  weight,  multiplied  into  the  space  through  which  it 
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is  lowered,  will  exactly  equal  the  large  weight,  multiphed 
into  that  through  wliich  it  is  raised. 

This  principle,  known  as  that  of  virtual  velocities, 
enables  us  to  perceive  at  once  our  true  position.    We  see 
that  the  world  of  mechanism  is  not  a'  manufactory,  in 
which  energy  is  created,  but  rather  a  mart,  into  which 
we  may  bring  energy  of  one  kind  and  change  or  barter  it 
for  an  equivalent  of  another  kind,  that  suits  us  better- 
but  if  we  com.e  with  nothing  in  our  hand,  with  notliing 
we  shall  most  assuredly  return.    A  machine,  in  truth, 
does  not  create,  but  only  transmutes,  and  this  principle 
Avin  enable  us  to  tell,  without  further  knowledge  of 
mechanics,  what  are  the  conditions  of  equilibrium  of  any 
arrangement. 

For  instance,  let  it  be  required  to  find  those  of  a  lever, 
of  which  the  one  arm  is  three  times  as  long  as  the  other. 
Here  it  is  evident  that  if  we  overbalance  the  lever  by  a 
single  grain,  so  as  to  cause  the  long  arm  with  its  power  to 
fall  down  while  ,  the  short  one  with  its  weight  rises  up, 
then  the  long  arm  wiU  fall  tliree  inches  for  every  inch 
through  which  the  short  arm  rises;  and  hence,  to  make  up 

for  this,  a  single  kilogramme  on  the 
long  arm  will  balance  three  kilo- 
orammes  on  the  short  one,  or  the 
power  will  be  to  the  weight  as  one 
is  to  three. 

45.  Or,  again,  let  us  take  the  in- 
clined plane  as  represented  in  Fig.  3. 
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Here  we  have  a  smooth  plane  and  a  weight  held  uidou 
it  by  means  of  a  power  p,  as  in  the  figure.  Now, 
if  we  overbalance  P  by  a  single  grain,  we  shaU  bring 
the  weight  w  from  the  bottom  to  the  top  of  the  plane! 
But  when  this  has  taken  place,  it  is  evident  that 
P  has  faUen  tlirough  a  vertical  distance  equal  to  tlie 
length  of  the  plane,  wliile  on  the  other  hand  w  has  only 
risen  through  a  vertical  distance  equal  to  the  height. 
Hence,  in  order  that  the  principle  of  virtual  velocities 
shaU  hold,  we  must  have  P  multipHed  into  its  m  equal 
to  w  midtiplied  into  its  rise,  that  is  to  say, 


P  X  Length  of  plane  =  w  x  Height  of  plane, 
orl  ^  Height, 
w  Length. 

What  Friction  does. 
46.  The  two  examples  now  given  are  quite  sufficient  to 
enable  om-  readers  to  see  the  true  function  of  a  machine 
and  they  are  now  doubtless  disposed  to  acknowledo-e  that 
no  machme  will  give  back  more  energy  than  is  spent 
upon  It.  It  IS  not,  however,  equally  clear  that  it  Nvill 
Bot  give  back  less;  indeed,  it  is  a  well-known  fact  that 
It  constantly  does  so.  For  we  have  supposed  our 
machme  to  be  without  friction-but  no  machine  is  with- 
out fnction-and  the  consequence  is  that  the  available 
out-come  of  the  machine  is-  more  or  less  diminished  by 
this  drawback.    Now,  unless  we  are  able  to  see  clearly 
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what  part  friction  really  plays,  we  cannot  prove  the  con- 
servation of  energy.    We  see  clearly  enough  that  energy 
cannot  be  created,  but  we  are  not  equaUy  sure  that  it 
cannot  be  destroyed;    indeed,  we  may  say  we  have 
apparent  grounds  for  believing  that  it  is  destroyed—  ^ 
that  is  our  present  position.    Now,  if  the  theory  of  the  ' 
conservation  of  energy  be  true-that  is  to  say,  if  energy 
is  in  any  sense  indestructible-friction  wiU  prove  itself 
to  be,  not  the  destroyer  of  energy,  but  merely  the  con- 
verter of  it  into  some  less  apparent  and  perhaps  less 
useful  form. 

47.    We  must,  therefore,  prepare  ourselves  to  study 
what  friction  reaUy  does,  and  also  to  recognize  energy 
in  a  form  remote  from  that  possessed  by  a  body  in  visible 
motion,  or  by  a  head  of  water.    To  friction  we  may 
add  percussion,  as  a  process  by  which  energy  is  appa- 
rently destroyed ;  and  as  we  have  (Axt.  39)  considered 
the  case  of  a  kilogramme  shot  vertically  upwards,  de- 
monstrating that  it  wUl  ultimately  reach  the  groiind 
with  an  energy  equal  to  that  with  which  it  was  shot 
upwards,  we- may  pursue  the  experiment  one  step  further, 
and  ask  what  becomes  of  its  energy  after  it  has  sti-uck 
the  gTOund  and  come  to  rest?    We  may  vary  the  qiies- 
tion  by  asking  what  becomes  of  the  energy  of  the  smith  s 
blow  after  his  hammer  has  struck  the  anvil,  or  what  ot 
the  energy  of  the  cannon  ball  after  it  has  struck  the 
target  or  what  of  that  of  the  railway  train  after  it  has 
been  stopped  by  friction  at  the  break-wheel  1    AU  these 
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are  cases  in  which  percussion  or  friction  appears  at  first 
sight  to  have  destroyed  visible  energy ;  but  before  pro- 
nouncing upon  this  seeming  destruction,  it  clearly  be- 
hoves us  to  ask  if  anything  else  makes  its  appearance  at 
the  moment  when  the  visible  energy  is  apparently 
destroyed.  For,  after  all,  energy  may  be  like  the  Eastern 
magicians,  of  whom  we  read  that  they  had  the  power  of 
changing  themselves  into  a  variety  of  forms,  but  were 
■  nevertheless  very  carefu],  not  to  disappear  altogether. 

When  Motion  is  destroyed,  Heat  appears. 

48.  Now,  in  reply  to  the  question  we  have  put,  it  may 
be  confidently  asserted  that  whenever  visible  energy  is 
apparently  destroyed  by  percussion  or  friction,  sometliing 
'  «lse  makes  its  appearance,  and  that  something  is  heat. 
Thus,  a  piece  of  lead  placed  upon  an  anvil  maybe  greatly 
heated  by  successive  blows  of  a  blacksmith's  hammer. 
The  collision  of  flint  and  steel  will  produce  heat,  and  a 
rapidly-moving  cannon  ball,  when  striking  against  an 
iron  target,  may  even  be  heated  to  redness.    Again,  with 
regard  to  friction,  we  know  that  on  a  dark  night  sparks 
are  seen  to  issue  from  the  break-wheel  which  is  stopping 
a  railway  train,  and  we  know,  also,'that  the  axles  of  rail- 
way carriages  get  alarmingly  hot,  if  they  are  not  well 
supplied  with  grease. 

Finally,  the  schoolboy  wiU  teU  us  that  he  is  in  the 
habit  of  rubbing  a  brass  button  upon  the  desk,  and  ap- 
plying It  to  the  back  of  his  ncighbom-'s  hand,  and  that 
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when  his  own  hand  has  been  treated  in  this  way,  he  has 
found  the  "button  unmistakeably  hot. 

Eectt  a  species  of  Motion. 
49.  For  a  long  time  tliis  appearance  of  heat  by  friction 
or  percussion  was  regarded  as  inexplicable,  because  it 
was  believed  that  heat  was  a  kind  of  matter,  and  it  was 
difficult  to  understand  where  all  this  heat  came  from. 
The  partisans  of  the  material  hypothesis,  no  doubt, 
ventui-ed  to  suggest  that  in  such  processes  heat  might 
be  di^awn  from  the  neighbouring  bodies,  so  that  the 
Caloric  (which  was  the  name  given  to  the  imagmary 
substance  of  heat)  was  squeezed  or  rubbed  out  of  them, 
according  as  the  process  was  percussion  or  friction.  But 
this  was  regarded  by  many  as  no  explanation,  even 
before  Sir  Humphry  Davy,  about  the  end  of  last  cen-  • 
tury,  clearly  showed  it  to  be  untenable. 

50  Davy's  experiments  consisted  in  rubbing  together 
two  pieces  of  ice  until  it  was  found  that  both  were 
nearly  melted,  and  he  varied  the  conditions  of  his  ex- 
periments in  such  a  manner  as  to  show  that  the  heat 
loroduced  in  this  case  cotdd  not  be  abstracted  from  the 

neighbouring  bodies.  . 

51  Let  lis  pause  to  consider  the  alternatives  to  which 
we  are  chiven  by  this  experiment.  If  .ve  still  choose  to 
regard  heat  as  a  substance,  since  this  has  not  been  taken 
from  the  surrounding  bodies,  it  must  necessarily  have 
been  created  in  the  process  of  friction.    But  if  we  choose 
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to  regard  heat  as  a  species  of  raotion,  we  have  a  sim^Dler 
alternative,  for,  inasmuch  as  the  energy  of  visible  motion 
has  disappeared  in  the  process  of  friction,  we  may  sup- 
pose that  it  has  been  transformed  into  a  species  of  mole- 
cular motion,  which  we  call  heat;  and  tliis  was  the  con- 
clusion to  which  Davy  came. 

52.  About  the  same  time  another  philosopher  was 
occupied  with  a  similar  experiment.  Count  Eumford  was 
superintending  the  borhag  of  cannon  at  the  arsenal  at 
Munich,  and  was  forcibly  struck  with  the  very  gi-eat 
amount  of  heat  caused  by  this  process.  The  som-ce  of 
this  heat  appeared  to  him  to  be  absolutely  inexliaustible, 
and,  bemg  umviUing  to  regard  it  as  the  creation  of  a 
species  of  matter,  he  was  led  like  Davy  to  attribute  it  to 
motion. 

53.  Assuming,  therefore,  that  heat  is  a  species  of 
motion,  the  next  point  is  to  endeavour-  to  comprehend 
what  kind  of  motion  it  is,  and  in  what  respects  it  is 
clifferent  from  orcUnary  visible  motion.  To  do  this,  let  us 
imagine  a  raUway  carriage,  full  of  passengers,  to  be  whirl- 
ing along  at  a  gTeat  speed,  its  occupants  quietly  at  ease, 
because,  although  they  are  in  rapid  motion,  they  are  all 
moving  at  the  same  rate  and  in  the  same  direction.  Now, 
suppose  that  the  tram  meets  with  a  sudden  check;— a 
disaster  is  the  consequence,  and  the  quiet  placidity  of 'the 
occupants  of  the  carriage  is  instantly  at  an  end. 

Even  if  we  suppose  that  the  carriage  is  not  broken  up 
and  Its  occupants  killed,  yet  they  are  all  in  a  violent 
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state  of  excitement ;  those  fronting  the  engine  are  driven 
with  force  against  their  opposite  neighbours,  and  are,  no 
donht,  as  forcibly  repelled,  each  one  taking  care  of  him- 
self in  the  general  scramble.  Now,  we  have  only  to  sub- 
stitute particles  for  persons,  in  order  to  obtain  an  idea  of 
what  takes  place  when  percussion  is  converted  into  heat. 
AVe  have,  or  suppose  we  have,  in  this  act  the  same  violent 
collision  of  atoms,  the  same  thrusting  forward  of  A  upon 
'B,  and  the  same  violence  in  pushing  back  on  the  part  of 
B— the  same  struggle,  confusion,  and  excitement — the 
only  difference  being  that  particles  are  heated  instead  of 
human  bemgs,  or  their  tempers. 

54.  We  are  bound  to  acknowledge  that  the  proof  wliich 
we  have  now  given  is  not  a  direct  one  ;  indeed,  we  have, 
in  our  first  chapter,  explained  the  impossibility  of  om- 
ever  seeing  these  individual  particles,  or  watching  their 
movements ;  and  hence  our  proof  of  the  assertion  that 
heat  consists  in  such  movements  cannot  possibly  be  dii-ect. 
We  cannot  see  that  it  does  so  consist,  but  yet  we  may 
feel  sure,  as  reasonable  beings,  that  we  are  right  in  our 
conjecture. 

In  the  argument  now  given,  we  have  only  two  alter- 
natives to  start  with— either  heat  must  consist  of  a 
motion  of  particles,  or,  when  percussion  or  friction  is  con- 
verted into  heat,  a  peculiar  substance  called  caloric  must 
be  created,  for  if  heat  be  not  a  species  of  motion  it  must 
necessarily  be  a  species  of  matter.  Now,  we  have  pre- 
ferred to  consider  heat  as  a  species  of  motion  to  the  alter- 
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native  of  suiDposing  tlie  creation  of  a  peculiar  kind  of 
matter. 

55.  Nevertlieless,  it  is  desii-able  to  have  something  to 
say  to  an  opponent  who,  rather  than  acknowledge  heat 
to  be  a  species  of  motion,  will  allow  the  creation  of  matter. 
To  such  an  one  we  would  say  that  innumei\able  experi- 
ments render  it  certain  that  a  hot  body  is  not  sensibly 
heavier  than  a  cold  one,  so  that  if  heat  be  a  species  of 
matter  it  is  one  that  is  not  subject  to  the  law  of  gravity. 
If  we  bum  iron  wire  in  oxygen  gas,  we  are  entitled  to 
say  that  the  iron  combines  with  the  oxygen,  because  we 
know  that  the  product  is  heavier  than  the  original  iron 
by  the  very  amount  which  the  gas  has  lost  in  weight. 
But  there  is  no  such  proof  that  during  combustion  the 
iron  has  combined  with  a  substance  caHed  caloric,  and 
the  absence  of  any  such  proof  is  enough  to  entitle  us  to 
consider  heat  to  be  a  species  of  motion,  rather  than  a 
species  of  matter. 

Heat  a  Baclaoard  and  Fonuard  Motion. 

56.  We  shaU  now  suppose  that  our  readers  have 
assented  to  oui'  proposition  that  heat  is  a  species  of 
motion.  It  is  almost  unnecessary  to  add  that  it  must 
be  a  species  of  backward  and  forward  motion;  for 
nothmg  is  more  clear  than  that  a  heated  substance  is 
not  ^n  motion  as  a  ^vl^ole,  and  will  not,  if  put  upon  a 
table,  push  its  way  from  the  one  end  to  the  other. 

Mathematicians  express  tliis  peculiarity  by  saying  that. 
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although  there  is  violent  internal  motion  among  the  par- 
ticles, yet  the  centre  of  gravity  of  the  substance  remains 
at  rest ;  and  since,  for  most  purposes,  we  may  suppose  a 
body  to  act  as  if  concentrated  at  its  centre  of  oTa\dty,  we 
may  say  that  the  body  is  at  rest. 

57.  Let  us  here,  before  proceeding  further,  borrow  an 
illustration  from  that  branch  of  physics  which  treats  of 
sound.  Suppose,  for  instance,  that  a  man  is  accm-ately 
balanced  in  a  scale-pan,  and  that  some  water  enters  his 
ear;  of  coui-se  he  will  become  heavier  in  consequence, 
and  if  the  balance  be  sufficiently  delicate,  it  will  exhibit 
the  difference.  But  suppose  a  sound  or  a  noise  enters 
his  ear,  he  may  say  with  truth  that  something  has  entered, 
but  yet  that  something  is  not  matter,  nor  will  he  become 
one  whit  heavier  in  consequence  of  its  entrance,  and  he 
wiU  remaui  balanced  as  before.  Now,  a  man  into  whose 
ear  soimd  has  entered  may  be  compared  to  a  substance 
into  which  heat  has  entered;  we  may  therefore  suppose  a 
heated  body  to  be  similar  in  many  respects  to  a  soimdhig 
body,  and  just  as  the  particles  of  a  sounding  body  move 
backwards  and  forwards,  so  we  may  suppose  that  the 
particles  of  a  heated  body  do  the  same. 

We  shall  take  another  opportunity  (Ai't.  162)  to  enlarge 
upon  this  likeness ;  but,  meanwhile,  we  shaU  suppose  that 
our  readers  perceive  the  analogy. 
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Mechanical  Equivalent  of  Heat 
58.  We  have  thus  come  to  the  conclusion  that  when 
any  heavy  body,  say  a  kilogramme  weight,  strikes  the 
ground,  the  visible  energy  of  the  kilogramme  is  changed 
into  heat ;  and  now,  having  established  the  fact  of  a  re- 
lationship between  these  two  forms  of  energy,  our  next 
point  is  to  ascertain  according  to  what  law  the  heating 
effect  depends  upon  the  height  of  faU.    Let  us,  for  in^ 
stance,  suppose  that  a  kUogramme  of  water  is  aUowed  to 
drop  from  the  height  of  848  metres,  and  that  we  have 
the  means  of  confining  to  its  own  particles  and  retaining 
there  the  heating  effect  produced.  Now,  we  may  suppose 
that  its  descent  is  accomplished  in  two  stages  ■  that,  first 
of  aU,  it  falls  upon  a  platform  from  the  height  of  424* 
metres,  and  gets  heated  in  consequence,  and  that  then 
the  heated  mass  is  aUowed  to  fall  other  424  metres.  It 
is  clear  that  the  water  wiU  now  be  doubly  heated ;  or  in 
other  words,  the  heating  effect  in  such  a  case  will  be  pro- 
portional to  the  height  through  which  the  body  faUs-that 
IS  to  say,  it  wiU  be  proportional  to  the  actual  energy  which 
the  body  possesses  before  the  blow  has  changed  this  into 
heai    In  fact,  just  as  the  actual  energy  represented  by  a 
taii  tvom  a  height  is  proportional  to  the  height,  so  is  tlie 
heating  effect,  or  molecular  energy,  into  which  the  actual 
energy  ig  changed  proportional  to  the  height  also.  Havino- 
estabhshed  this  point,  we  now  wish  to  know  throuoh 
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llow  many  metres  a  kilogramme  of  water  must  fall  in 
order  to  be  heated  one  degree  centigrade. 

59.  For  a  precise  determination  of  tliis  important 
point,  we  are  indebted  to  Dr.  J oule,  of  Manchester,  who 
has,  perhaps,  done  more  than  any  one  else  to  pnt  the 
science  of  energy  upon  a  sure  foundation.  Dr.  Joule 
made  numerous  experiments,  with  the  view  of  arriving 
at  the  exact  relation  between  mechanical  energy  and 
heat;  that  is  to  say,  of  determining  the  mechanical 
equivalent  of  heat.  In  some  of  the  most  important  of 
these  he  took  advantage  of  the  friction  of  fluids. 

60.  These  experiments  were  conducted  in  the  following 
manner.  A  certain  fixed  weight  was  attached  to  a  pulley, 
as  in  the  figure.   The  weight  had,  of  course,  a  tendency 
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to  descend,  and  hence  to  turn  the  puUey  round.  The 
pulley  had  its  axle  supported  upon  friction  wheels,  at  / 
and  /,  by  means  of  which  the  friction  caused  by  the 
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movement  of  the  pulley  was  very  much  reduced.  A 
string,  passing  over  the  circumference  of  the  pulley,  was 
Avrapped  round  r,  so  that,  as  the  weight  descended,  the 
pulley  moved  roimd,  and  the  string  of  the  pulley  caused 
r  to  rotate  very  rapidly.    Now,  the  motion  of  the  axis  T 
was  conducted  within,  the  covered  box  B,  where  there 
.  was  attached  to  r  a  system  of  paddles,  of  which  a  sketch 
•  is  given  in  figure ;  and  therefore,  as  r  moved,  these 
paddles  moved  also.    There  were,  altogether,  eight  sets 
of  these  paddles  revolving  between  four  stationary  vanes. 
If,  therefore,  the  box  were  fiiU  of  liquid,  the  paddles  and 
the  vanes  together  would  churn  it  about,  for  these  sta- 
tionary vanes  would  prevent  the  liquid  bemg  carried 
along  by  the  paddles  in  the  direction  of  rotation. 

Now,  in  this  experiment,  the  weight  was  made  to 
descend  through  a  certain  fixed  distance,  which  was 
accurately  measured.    As  it  descended,  the  paddles  were 
set  m  motion,  and  the  energy  of  the  descending  weio-ht 
was  thus  made  to  churn,  and  hence  to  heat  some  water 
contained  in  the  box  B.   Wlien  the  weight  had  descended 
a  cei^am  distance,  by  undoing  a  smaU  peg  p,  it  could  be 
wound  up  again  without  moving  the  paddles  in  B,  and 
thus  the  heating  eff^ect  of  several  faUs  of  the  weight 
could  be  accumulated  imtil  this  became  so  great  as  to  be 
capable  of  being  accurately  measured  by  a  thermometer 
It  ought  to  be  mentioned  that  gi-eat  care  was  taken  in 
these  expei-iments,  not  only  to  reduce  the  friction  of  the 
axles  of  the  pulley  as  much  as  possible,  but  also  to 
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estimate  and  correct  for  this  friction  as  accurately  as 
possible  ;  in  fact,  every  precaution  was  taken  to  make  the 
experiment  successful. 

61.  Other  experiments  were  made  by  Joule,  in  some  of 
which  a  disc  was  made  to  rotate  against  another  disc  of 
cast-iron  pressed  against  it,  the  whole  arrangement  being 
immersed  in  a  cast-iron  vessel  filled  with  mercury. 
From  all  these  experiments,  Dr.  Joule  concluded  that  the 
quantity  of  heat  produced  by  friction,  if  we  can  preserve 
and  accurately  measure  it,  will  always  be  found  propor- 
tional to  the  quantity  of  work  expended.  He  expressed 
this  proportion  by  stating  the  number  of  units  of  work  in 
kilogrammetres  necessary  to  raise  by  1°  C.  the  tempera- 
ture of  one  kilogramme  of  water.  Tliis  was  4:24^.  as 
determined  by  his  last  and  most  complete  experiments ; 
and  hence  we  may  conclude  that  if  a  IdlogTamme  of 
water  be  allowed  to  fall  through  424<  metres,  and  if  its 
motion  be  then  suddenly  stopped,  sufficient  heat  Avill  be 
generated  to  raise  the  temperature  of  the  water  tlu-ough 
1°  C,  and  so  on,  in  the  same  proportion. 

62.  Now,  if  we  take  the  kilogrammetre  as  our  unit  of 
work,  and  the  heat  necessary  to  raise  a  kilogramme  of 
water  1°  C.  as  our  unit  of  heat,  this  proportion  may  be 
expressed  by  saying  that  one  heat  unit  is  equal  to  421' 
units  of  %voTh. 

'  This  number  is  frequently  spoken  of  as  the  mechanical 
equivalent  of  heat;  and  in  scientific  treatises  it  is 
denoted  by  J.,  the  initial  of  Dr.  Joule's  name. 
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63.  We  have  now  stated  the  exact  relationship  that 
.  subsists  between  mechanical  energy  and  heat,  and  before 
proceeding  further  with  proofs  of  the  great  law  of  con- 
servation, we  shall  endeavour  to  make  our  readers 
acquainted  mth  other  varieties  of  energy,  on  the  gTound 
that  it  is  necessary  to  penetrate  the  various  disg-uises 
that  our  magician  assumes  before  we  can  pretend  to 
"  explain  the  principles  that  actuate  him  in  his  trans- 
formations. 
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CHAPTER  lit 

TEE  FORCES  AND  ENERGIES  OF  NATURE: 
THE  LAW  OF  CONSERVATION. 

64.  In  the  last  chapter  we  introduced  our  readers  to 
two  varieties  of  energy,  one  of  them  visible,  and  the  other 
invisible  or  molecular ;  and  it  wiH  now  be  our  duty  ta 
search  through  the  whole  field  of  physical  science  for 
other  varieties.  Here  it  is  well  to  bear  in  mind  that  aU 
energy  consists  of  two  kinds,  that  of  position  and  that  of 
actual  motion,  and  also  that  this  distinction  holds  for 
invisible  molecular  energy  just  as  truly  as  it  does  for  that 
which  is  visible.  Now,  energy  of  position  impHes  a  body 
in  a  position  of  advantage  with  respect  to  some  force,  and 
hence  we  may  with  propriety  begin  our  search  by 
investigating  the  various  forces  of  nature. 

Gravitation. 

65.  The  most  general,  and  perhaps  the  most  important., 
of  these  forces  is  gravitation,  and  the  law  of  action  of  this 
force  may  be  enunciated  as  follows  -.—Every  loarticU  oj 
the  universe  attracts  every  other  particle  with  a  force 
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depending  jointly  upon  the  mass  of  the  attracting  and 
of  the  attracted  particle,  and  varying  inversely  as  the 
square  of  distance  between  the  two.  A  little  explanation 
wiU  make  tliis  plain. 

Suppose  a  particle  or  system  of  particles  of  which 
the  mass  is  unity  to  be  placed  at  a  distance  equal  to  unity 
from  another  particle  or  system  of  particles  of  which  the 
mass  is  also  unity— the  two  wiU  attract  each  other.  Let  us 
agree  to  consider  the  mutual  attraction  between  them 
equal  to  unity  also. 

Suppose,  now,  that  we  have  on  the  one  side  two  such 
systems  with  a  mass  represented  by  2,  and  on  the  other 
side  the  same  system  as  before,  with  a  mass  repre- 
sented by  unity,  the  distance,  meanwhile,  remaining 
unaltered.    It  is  clear  the  double  system  will  now  attract 
the  single  system  with  a  twofold  force.     Let  us  next 
suppose  the  mass  of  both  systems  to  be  doubled,  the 
distance  always  remaining  the  same.    It  is  clear  that  we 
shaU  now  have  a  fourfold  force,  each  unit  of  the  one 
system  attracting  each  unit  of  the  other.    In  Hke  manner 
if  the  mass  of  the  one  system  is  2,  and  that  of  the  other 
3,  the  force  wiU  be  6.    We  may,  for  instance,  caU  the 
components  of  the  one  system  A    A    and  those  of 
the  other  A,  A,  A,  and  we  shaU  have  A  puHed  towards 
"A  A  and  A  with  a  threefold  force,'  and  A  puUed 
towards  A  A,  and  A,  with  a  threefold  force,' making 
altogether  a  force  equal  to  6. 
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In  the  next  place,  let  the  masses  remain  unaltered,  but 
let  the  distance  between  them  be  doubled,  then  the  force 
will  be  reduced  fourfold.  Let  the  distance  be  tripled, 
then  the  force  will  be  reduced  ninefold,  and  so  on. 

66.  Gra,vitation  may  be  described  as  a  very  weak  force, 
capable  of  acting  at  a  distance,  or  at  least  of  appearing 
to  do  so.  It  takes  the  mass  of  the  whole  earth  to  pro- 
duce the  force  with  which  we  are  so  famihar  at  its 
surfacfe,  and  the  presence  of  a  large  mass  of  rock  or 
mountain  does  not  produce  any  appreciable  difference  in 
the  weight  of  any  substance.  It  is  the  gravitation  of  the 
earth,  lessened  of  course  by  distance,  which  acts  upon 
the  moon  240,000  miles  away,  and  the  gravitation  of  the 
sun  influences  in  like  manner  the  earth  and  the  various 
other  planets  of  our  system. 

Elastic  Forces. 
67.  Elastic  forces,  although  in  their  mode  of  action 
very  different  from  gravity,  are  yet  due  to  visible 
aiTangements  of  matter ;  thus,  when  a  cross-bow  is  bent, 
there  is  a  visible  change  produced  in  the  bow,  which,  as  a 
whole,  resists  this  bending,  and  tends  to  resume  its 
previous  position  It  therefore  fequires  energy  to  bend 
a  bow,  just  as  truly  and  visibly  as  it  does  to  raise  a 
weight  above  the  earth,  and  elasticity  is,  therefore,  as 
truly  a  species  of  force  as  gravity  is.  We  shaU  not  here 
attempt  to  discuss  the  various  ways  in  which  this  force 
may  act,  or  in  which  a  solid  elastic  substance  will  resist 
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all  attempts  to  deform  it ;  but  in  all  cases  it  is  clearly 
manifest  that  work  must  be  spent  upon  the  body,  and  the 
force  of  elasticity  must  bo  encountered  and  overcome 
thi'oughout  a  certain  space  before  any  sensible  deforma- 
tion can  take  place. 

Force  of  Cohesion. 

68.  Let  us  now  leave  the  forces  which  animate  larare 
masses  of  matter,  and  proceed  to  discuss  those  which 
subsist  between  the  smaller  particles  of  which  these  large 
masses  are  composed.  And  here  we  must  say  one  word 
more  about  molecules  and  atoms,  and  the  distinction  we 
feel  ourselves  entitled  to  draw  between  these  very  small 
bodies,  even  although  we  shall  never  be  able  to  see  either 
the  one  or  the  other. 

In  our  first  chapter  (Art.  7)  we  supposed  the  contiaual 
sub-division  of  a  gTain  of  sand  untU  we  had  arrived  at 
the  smallest  entity  retaining  all  the  properties  of  sand 
— tliis  we  called  a  molecule,  and  nothing  smaller  than 
this  is  entitled  to  be  called  sand.    If  we  continue  this 
sub-division  fiu'ther,  the  molecule  of  sand  separates  itself 
into  its  chemical  constituents,  consisting  of  silicon  on 
the  one  side,  and  oxygen  on  the  other.    Thus  we  arrive 
at  last  at  the  smallest  body  which  can  call  itself  silicon, 
and  the  smallest  which  can  caU  itself  oxygen,  and  we 
have  no  reason  to  suppose  that  either  of  these  is  capable 
•of  sub-division  into  something  else,  since  we  regard 
oxygen  and  silicon  as  elementary  or  simple  bodies.  Now, 
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these  constituents  of  the  siHcon  molecule  are  caUed  atoms, 
so'that  we  say  the  sand  molecule  is  divisible  into  atoms 
of  silicon  and  of  oxygen.  Furthermore,  we  have  strong 
reason  for  supposing  that  such  molecules  and  atoms  reaUy 
exist,  but  into  the  arguments  for  their  existence  we  can- 
not now  enter-it  is  one  of  those  things  that  we  miist 
ask  otir  readers  to  take  for  granted. 

69.  Let  us  now  take  two  molecules  of  sand.  These, 
when  near  together,  have  a  very  strong  attraction  for 
each  other.    It  is,  in  truth,  this  attraction  which  renders 
it  difficult  to  break  up  a  crystalHne  particle  of  sand  or 
rock  crystal.    But  it  is  only  exerted  when  the  molecules 
are  near  enough  together  to  form  a  homogeneous  crystal- 
line structure,  for  let  the  distance  between  them  be  some- 
what increased,  and  we  find  that  all  attraction  entnrely 
vanishes.    Thus  there  is  little  or  no  attraction  between 
different  particles  of  sand,  even  although  they  are  very 
closely  packed  together.    In  Hke  manner,  the  mtegrity 
of  apiece  of  glass  is  due  to  the  attraction  between  its 
molecules;  but  let  these  be  separated  by  a  flaw,  a^d  it 
will  soon  be  found  that  this  very  small  increase  of  dis- 
tance greatly  diminishes  the  attraction  between  the  pai- 
ticles,  and  that  the  structure  will  now  fall  to  pieces  from 
the  slightest  cause.    Now,  these  examples  are  sufficient 
to  show  that  molecular  attraction  or  cohesion,  as  this  is 
called,  is  a  force  which  acts  very  powerfully  tlirough  a 
certain  small  distance,  but  which  vanishes  a  together 
when  this  distance  becomes  perceptible.     Cohesion  i-^ 
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strongest  in  solids,  while  in  liquids  it  is  much  diminished, 
and  in  gases  it  may  he  said  to  vanish  altogether.  The 
molecules  of  gases  are,  in  truth,  so  far  away  from  one 
another,  as  to  have  little  or  no  mutual  attraction,  a  fact 
proved  by  Dr.  Joule,  whose  name  was  mentioned  in  the 
last  chapter. 

Force  of  Clmnical  Affinity. 

70.  Let  us  now  consider  the  mutual  forces  between 
atoms.  These  may  be  characterized  as  even  stronger 
than  the  forces  between  molecules,  but  as  disappearing 
still  more  rapidly  when  the  distance  is  increased  Let 
us,  for  instance,  take  carbon  and  oxygen — two  substances 
which  are  ready  to  combine  together  to  form  carbonic 
acid,  whenever  they  have  a  suitable  opportunity.  In 
this  case,  each  atom  of  carbon  will  unite  with  two  of 
oxygen,  and  the  result  will  be  something  quite  different 
from  either.  Yet  under  ordinary  circumstances  carbon,  or 
its  representative,  coal,  will  remain  imchanged  in  the 
'presence  of  oxygen,  or  of  atmospheric  air  containing 
oxygen.  There  will  be  no  tendency  to  combine  together, 
because  although  the  particles  of  the  oxygen  would  appear 
to  be  in  immediate  contact  with  those  of  the  carbon, 
yet  the  nearness  is  not  sufficient  to  permit  of  chemical 
affinity  acting  with  advantage.  When,  however,  the 
nearness  becomes  sufficient,  then  chemical  affinity  begins 
to  operate.  We  have,  in  fact,  the  famihar  act  of  com- 
bustion, and.  as  its  consequence,  the  chemical  union  of  the 
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carbon  or  coal  with  the  oxygen  of  the  air,  carhonic  acifl 
being  the  result.  Here,  then,  we  have  a  very  powei-ful 
force  acting  only  at  a  very  smaU  distance,  which  we 
name  chemical  affinity,  inasmuch  as  it  represents  the 
attraction  exerted  between  atoms  of  different  bodies  in 
contradistinction  to  cohesion,  wHch  denotes  the  attraction 
between  molecules  of  the  same  body. 

71.  If  we  regard  gravitation  as  the  representative  of 
forces  that  act  or  appear  to  act,  at  a  distance,  we  may 
regard  cohesion  and  chemical  affinity  as  the  representa- 
tives of  those  forces  which,  although  very  powerful,  only 
act  or  appear  to  act  thi-ough  a  very  small  interval  of 

A  little  reflection  will  show  us  how  inconvenient  it 
would  be  if  gravitation  diminished  very  rapidly  with  the 
distance;  for  then  even  supposing  that  the  bond  which 
retains  us  to  the  earth  were  to  hold  good,  that  which 
retains  the  moon  to  the  earth  might  vanish  enturely,  as 
weU  as  that  which  retains  the  earth  to  the  sun,  and  the 
consequences  would  be  far  from  pleasant.  Reflection 
will  also  show  us  how  inconvenient  it  would  be  it 
chemical  affioiity  existed  at  all  distances ;  if  coal,  for 
instance,  were  to  combine  with  oxygen  without  the  ap- 
plication of  heat,  it  would  greatly  alter  the  value  of  this 
Ll  to  mankind,  and  would  materiaUy  check  the  progi'ess 
of  human  industry. 
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BemarJcs  on  Molecular  and  Atomic  Forces. 

72.  'Now,  it  is  important  to  remember  that  we  must 
treat  cohesion  and  chemical  affinity  exactly  in  the  same 
"way  as  gravity  has  been  treated ;  and  just  as  we  have 
energy  of  position  with  respect  to  gravity,  so  may  we 
have  as  truly  a  species  of  energy  of  position  with 
respect  to  cohesion  and  chemical  affinity.  Let  ■  us 
begin  with  cohesion. 

78.  We  have  hitherto  regarded  heat  as  a  peculiar 
motion  of  the  molecules  of  matter,  without  any  reference 
to  the  force  which  actuates  these  molecules.  But  it  is 
a  well-known  fact  that  bodies  in  general  expand  when 
heated,  so  that,  in  virtue  of  this  expansion,  the  molecules 
of  a  body  are  driven  violently  apart  against  the  force  of 
cohesion.  .  "Work  has  in  truth  been  done  against  this 
force,  just  as  truly  as,  when  a  kilogramme  is  raised  from 
the  earth,  work  is  done  against  the  force  of  gravity. 
When  a  substance  is  heated,  we  may,  therefore,  suppose 
that  the  heat  has  a  twofold  office  to  perform,  part  of  it 
going  to  increase  the  actual  motions  of  the  molecules, 
and  part  of  it  to  separate  these  molecules  from  one 
another  against  the  force  of  cohesion.  Thus,  if  I  swing 
round  horizontally  a  weight  (attached  to  my  hand  by 
an  elastic  thread  of  india-rubber),  my  energy  will  be 
spent  in  two  ways — ^first  of  all,  it  will  be  spent  in  com- 
municating a  velocity  to  the  weight ;  and,  secondly,  in 
stretching  the   india-rubber  string,  by  means  of  the 
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centrifugal  tendency  of  tlie  weight.  Work  -will  "be  done 
against  the  elastic  force  of  the  string,  as  well  as  spent 
in  increasing  the  motion  of  the  weight. 

Now,  something  of  this  kind  may  he  taking  place 
when  a  body  is  heated,  for  we  may  very  weh  suppose 
heat  to  consist  of  a  vertical  or  circular  motion,  the  ten- 
dency of  which  would  be  to  drive  the  particles  asunder 
agg,inst  the  force  of  cohesion.  Part,  tlierefore,  of  the 
energy  of  heat  will  be  spent  in  aug-menting  the  motion, 
and  part  in  driving  asunder  the  particles.  We  may, 
however,  suppose  that,  in  ordinary  cases,  the  great  pro- 
portion of  the  energy  of  heat  goes  towards  increasing 
the  molecular  motion,  rather  than  in  doing  work  against 
tlie  force  of  cohesion. 

74.  In  certain  cases,  however,  it  is  probable  that  the 
greater  part  of  the  heat  applied  is  spent  in  doing  work 
against  molecular  forces,  instead  of  increasing  the 
motions  of  molecules. 

Thus,  Avhen  a  solid  melts,  or  when  a  liquid  is  rendered 
gaseous,  a  considerable  amount  of  heat  is  spent  in  the 
process,  which  does  not  become  sensible,  that ,  is  to  say, 
does  not  affect  the  thermometer.  Thus,  in  order  to  melt 
a  kilogramme  of  ice,  heat  is  required  sufficient  to  raise 
a  kilogramme  of  water  through  80°  C,  and  yet,  when 
melted,  the  water  is  no  warmer  than  the  ice.  We  ex- 
press this  fact  by  saying  that  the  latent  heat  of  water 
is  80.  Again,  if  a  kilogramme  of  water  at  100°  be  con- 
verted entirely  into  steam,  as  much  heat  is  i-enuired  as 
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■would  raise  the  water  through  537°  C,  or  537  kilogrammes 
of  water  through  one  degree ;  but  yet  the  steam  is  no 
hotter  than  the  water,  and  we  express  this  fact  by  saying 
that  the  latent  heat  of  steam  is  537.  Now,  in  both  of 
these  instances  it  is  at  least  extremely  probable  that 
a  large  portion  of  the  heat  is  spent  in  doing  work  against 
the  force  of  cohesion ;  and,  more  especially,  when  a  fluid 
is  converted  into  a  gas,  we  know  that  the  molecules  are 
in  that  process  separated  so  far  from  one  another  as  to 
lose  entirely  any  trace  of  mutual  force.  We  may,  there- 
fore, conclude  that  although  in  most  cases  the  greater 
portion  of  the  heat  appKed  to  a  body  is  spent  in  in- 
creasing its  molecular  motion,  and  only  a  smaU  part  in 
doing  work  against  cohesion,  yet  when  a  solid  melts,  or 
a  liquid  vaporizes,  a  large  portion  of  the  heat  required  is 
not  improbably  spent  in  doing  work  against  molecular 
forces.  But  the  energy,  though  spent,  is  not  lost,  for 
when  the  Hquid  again  freezes,  or  when  the  vapour  again 
condenses,  this  energy  is  once  more  transformed  into  the 
shape  of  sensible  heat,  just  as  when  a  stone  is  dropped 
from  the  top  of  a  house,  its  energy  of  position  is  trans- 
formed once  more  into  actual  energy. 

75.  A  single  instance  wiU  suffice  to  give  our  readers  a 
notion  of  the  strength  of  molecular  forces.  If  a  bar  of 
\vi-ought  iron,  whose  temperature  is  10°  C.  above  that 
of  the  surrounding  medium,  be  tightly  secured  at  its 
extremities,  it  wiU  draw  these  together  with  a  force  of  at 
least  one  ton  for  each  square  inch  of  section.    In  some 
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eases  where  a  building  has  shown  signs  of  bulging  out- 
wards, iron  bars  have  been  placed  across  it,  and  secured 
while  in  a  heated  state  to  the  walls.  On  coohng,  the 
iron  contracted  with  great  force,  and  the  walls  were 
thereby  pulled  together. 

76.  We  are  next  brought  to  consider  atomic  forces,  or 
those  which  lead  to  chemical  union,  and  now  let  us  see 
how  these  are  influenced  by  heat.  We  have  seen  that 
heat  causes  a  separation  between  the  molecules  of  a 
body,  that  is  to  say,  it  increases  the  distance  between 
two  contig-uous  molecules,  but  we  must  not  suppose  that, 
meanwhile,  the  molecules  themselves  are  left  unaltered. 

The  tendency  of  heat  to  cause  separation  is  not  confined 
to  increasing  the  distance  between  molecules,  but  acts 
also,  no  doubt,  in  increasing  the  distance  between  parts 
of  the  same  molecule  :  in  fact,  the  energy  of  heat  is  spent 
in  puUing  the  constituent  atoms  asimder  against  the  force 
of  chemical  affinity,  as  weU  as  in  pulHng  the  molecules 
asunder  against  the  force  of  cohesion,  so  that,  at  a  very 
high  temperature,  it  is  probable  that  most  chemical  com- 
pomds  would  be  decomposed,  and  many  are  so,  even  at  a 
very  moderate  heat. 

Thus  the  attraction  between  oxygen  and  sUver  is  so 
slight  that  at  a  comparatively  low  temperature  the  oxide 
of^silver  is  decomposed.  In  like  manner,  limestone,  or 
carbonate  of  lime,  is  decomposed  when  subjected  to  the 
heat  of  a  lime-kiln,  carbonic  acid  being  given  ofi",  while 
quick-lime  remains  behind.    Now,  in  separating  hetero- 
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geneous  atoms  against  the  powerful  force  of  chemical 
affinity,  work  is  done  as  truly  as  it  is  in  sepai-ating  moleciiles 
from  one  another  against  the  force  of  cohesion,  or  in  separ- 
ating a  stone  from  the  earth  against  the.  force  of  gravity. 

77.  Heat,  as  we  have  seen,  is  very  fi-equently  influential 
in  performing  this  separation,  and  its  energy  is  spent  in 
so  doing;  but  other  energetic  agents  produce  chemical 
decomposition  as  well  as  heat.  For  instance,  certain  rays 
of  the  sun  decompose  carbonic  acid  into  carbon  and 
oxygen  in  the  leaves  of  plants,  and  their  energy  is  spent 
in  the  process;  that  is  to  say,  it  is  spent  in  pulling 
asunder  two  such  powerfully  attracting  substances  against 
the  affinity  they  have  for  one  another.  And,  again,  the 
electric  current  is  able  to  decompose  certain  substances, 
and  of  course  its  energy  is  spent  in  the  process. 

Therefore,  whenever  two  powerfully  attracting  atoms 
are  separated,  energy  is  spent  in  causing  this  separation 
as  truly  as  in  separating  a  stone  from  the  earth,  and 
when  once  the  separation  has  been  accomplished  we  have 
a  species  of  energy  of  position  just  as  truly  as  we  have  in 
a  head  of  water,  or  in  a  stone  at  the  top  of  a  house. 

78.  It  is  this  chemical  separation  that  is  meant  when 
we  speak  of  coal  as  a  source  of  energy.  Coal,  or  carbon, 
has  a  great  attraction  for  oxygen,  and  whenever  heat  is 
applied  the  two  bodies  unite  together.  Now  oxygen,  as 
it  exists  in  the  atmosphere,  is  the  common  inheritance  of 
all,  and  if,  in  addition  to  this,  some  of  us  possess  coal  in 
our  ceUars,  or  in  pits,  we  have  thus  secured  a  store  of 


60 


THE  CONSERVATION  OF  ENERGY. 


energy  of  position  whicli  we  can  draw  upon  with  more 
facility  than  if  it  were  a  head  of  water,  for,  although  we 
can  di-aw  upon  the  energy  of  a  head  of  water  whenever 
we  choose,  yet  we  cannot  carry  it  about  with  us  from 
place  to  place  as  we  can  with  coal.    We  thus  perceive 
that  it  is  not  the  coal,  by  itself,  that  forms  the  som-ce  of 
energy,  but  this  is  due  to  the  fact  that  we  have  coal,  or 
carbon,  in  one  place,  and  oxygen  in  another,  while  we 
have  also  the  means  of  causmg  them  to  unite  with  each 
other  whenever  we  wish.    If  there  were  no  oxygen  in 
'  the  an-,  coal  by  itself  would  be  of  no  value. 

Electricity :  its  Pra'perties. 
79.  Our  readers  have  now  been  told  about  the  force 
of  cohesion  that  exists  between  molecules  of  the  same 
body,  and  also  about  that  of  chemical  affinity  existmg 
between  atoms  of  different  bodies.  Now,  heterogeneity 
is  an  essential  element  of  this  latter  force-there  must 
be  a  difference  of  some  kind  before  it  can  exhibit  itself— 
and  under  these  chcumstances  its  exhibitions  are  fre- 
quently characterized  by  very  extraordinary  and  mterest- 

ing  phenomena. 

We  allude  to  that  pecuHar  exhibition  arising  out  of  the 
forces  of  heterogenous  bodies  which  we  caU  electricity, 
and,  before  proceeding  foi'ther,  it  may  not  be  out  of  place 
to  give  a  short  sketch  of  the  mode  of  action  of  this  very 
mysterious,  but  most  interesting,  agent. 

80.  The  science  of  electricity  is  of  very  ancient  origin  : 
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but  its  beginning  was  very  smaU.  For  a  couple  of  tbou- 
sand  years  it  made  little  or  no  progress,  and  then,  during 
the  course  of  little  more  than  a  century,  developed  into 
the  oiant  which  it  now  is.  The  ancient  Greeks  were 
aware  that  amber,  when  rubbed  with  silk,  had  the  pro- 
perty of  attracting  light  bodies ;  and  Dr.  Gilbert,  about 
three  hundred  years  ago,  showed  that  many  other  things, 
such  as  sulphur,  sealing-wax,  and  glass,  have  the  same 
property  as  amber. 

In  the  progTess  of  the  science  it  came  to  be  known 
that  certain  substances  are  able  to  carry  away  the 
pecuhar  influence  produced,  while  others  are  unable  to 
do  so ;  the  former  are  called  conductors,  and  the  latter 
non-conductors,  or  insulators,  of  electricity.  To  make 
the  distinction  apparent,  let  us  take  a  metal  rod,  having 
a  glass  stem  attached  to  it,  and  rub  the  glass  stem  with 
a  piece  of  silk,  care  being  taken  that  both  silk  and  glass 
are  warm  and  dry.  We  shall  find  that  the  glass  has  now 
acquired  the  property  of  attracting  little  bits  of  paper,  or 
elder  pith ;  but  only  where  it  has  been  rubbed,  for  the 
peculiar  influence  acquired  by  the  glass  has  not  been  able 
to  spread  itself  over  the  surface. 

If,  however,  we  take  hold  of  the  glass  stem,  and  rub 
the  metal  rod,  we  may,  perhaps,  produce  the  same  pro- 
perty in  the  metal,  but  it  will  spread  over  the  whole,  not 
confiniag  itself  to  the  part  rubbed.  Thus  we  perceive 
that  metal  is  a  conductor,  while  glass  is  an  insulator,  or 
non-conductor,  of  electricity. 
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81.  We  would  next  observe  that  this  influence  is  of 
two  lands.    To  prove  this,  let  us  perform  the  following 

experiment.    Let  us  suspend 
a  small  pith  ball  by  a  very 
slender  silk  thread,  as  in  Fig.  5. 
jSText,  let  us  rub  a  stick  of 
warm,    dry    glass   with  a 
piece  of  warm  silk,  and  with 
this  excited  stick  touch  the 
pith  ball.    The  pith  ball,  after 
being  touched,  wiU  be  repelled 
by  the  excited  glass.    Let  us 
next  excite,  in  a  similar  man- 
ner, a  stick  of  dry  sealing-wax  with  a  piece  of  warm,  dry 
flaimel,  and  on  approaching  this  stick  to  the  pith  ball  it 
wiU  attract  it,  although  the  ball,  in  its  present  state,  is 
TepeUed  by  the  excited  glass. 

Thus  a  pith  ban,  touched  by  excited  glass,  is  repehed 
by  excited  glass,  but  attracted  by  excited  sealing-wax. 

In  like  manner,  it  might  be  shown  that  a  pith  baU, 
-touched  by  excited  sealing-wax,  wiU  be  afterwards  re- 
peUed  by  excited  sealing-wax,  but  attracted  by  excited 

"  Now  what  the  excited  glass  did  to  the  pith  ball  was 
to  communicate  to  it  part  of  its  own  influence,  after 
which  the  baU  was  repelled  by  the  glass;  or,  m  other 
words,  bodies  charged  xvith  sinvUar  electricities  repel  one 
another. 
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Again,  since  tlie  pith  ball,  when  charged  with  the  elec- 
tricity from  glass,  was  attracted  to  the  electrified  seaKng- 
wax,  we  conclude  that  bodies  charged  ivith  itnlilce  elec- 
tricities attract  one  another.  The  electricity  from  glass 
is  sometimes  called  vitreous,  and  that  from  sealing-wax 
resinous,  electricity,  but  more  frequently  the  former  is 

known  as  positive,  and  the  latter  as  negative,  electricity  

it  being  understood  that  these  words  do  not  imply  the 
possession  of  a  positive  nature  by  the  one  influence,  or 
of  a  negative  nature  by  the  other,  but  are  merely  terms 
employed  to  express  the  apparent  antagonism  which 
exists  between  the  two  kinds  of  electricity. 

82.  The  next  point  worthy  of  notice  is  that  %uhenever 
one  electricity  is  produced,  just  as  much  is  produced  of 
an  opposite  description.  Thus,  in  the  case  of  glass 
excited  by  silk,  we  have  positive  electricity  developed 
upon  the  glass,  whUe  we  have  also  negative  electricity 
developed  upon  the  silk  to  precisely  the  same  extent.  And, 
again,  when  seaHng-wax  is  rubbed  with  flannel,  we  have 
.^negative  electricity  developed  upon  the  sealing-wax,  and 
'  just  as  much  positive  upon  the  flannel 
.  83.  These  facts  have  given  rise  to  a  theory  of  elec- 
tricity, or  at  least  to  a  method  of  regarding  it,  which,  if 
not  absolutely  correct,  seems  yet  to  unite  together  the 
various  phenomena.  According  to  this  hypothesis,  a 
neutral,  unexcited  body  is  supposed  to  contain  a  store 
of  the  two  electricities  combined  together,  so  that  when- 
ever such  a  body  is  excited,  a  separation  is  produced 
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between  tlie  two.  The  phenomena  which  we  have 
described  are,  therefore,  due  to  this  electrical  separation, 
and  inasmuch  as  the  two  electricities  have  a  great  affinity 
for  one  another,  it  requires  the  expenditure  of  energy  to 
produce  this  separation,  just  as  truly  as  it  does  to  separate 
a  stone  from  the  earth. 

84.  Now,  it  is  worthy  of  note  that  electrical  separa- 
tion is  only  produced  tvhen  heterogeneous  bodies  are 
rubbed  together.  Thus,  if  flannel  be  rubbed  upon  glass, 
we  have  electricity ;  but  if  flannel  be  rubbed  upon  glass 
covered  with  flannel,  we  have  none.  In  like  manner,  if 
silk  be  rubbed  npon  sealing-wax  covered  with  silk,  or,  in 
fine,  if  two  portions  of  the  same  substance  be  rubbed 
together,  we  have  no  electricity. 

On  the  other  hand,  a  very  slight  difference  of  texture 
is  sometimes  sufficient  to  produce  electrical  separation. 
Thus,  if  two  pieces  of  the  same  silk  ribbon  be  rubbed 
together  lengthwise,  we  have  no  electricity;  but  if  they 
be^rubbed  across  each  other,  the  one  is  positively,  and  the 
other  negatively,  electrified. 

In  fact,  this  element  of  heterogeneity  is  an  aU  impor- 
tant one  in  electrical  development,  and  this  leads  us  to 
conjecture  that  electrical  attraction  may  probably  be 
regarded  as  peculiarly  allied  to  that  force  lohi^h  we  call 
cheviical  affi^nity.  At  any  rate,  electricity  and  chemical 
affinity  are  only  manifested  between  bodies  that  are,  in 
some  respects,  dissimilar. 

85.  The  following  is  a  list  of  bodies  arranged  according 
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to  the  electricity  whicli  they  develop  when  rubbed  to- 
gether, each  substance  being  positively  electrified  when 
rubbed  with  any  substance  beneath  it  in  the  list. 


7.  Shellac. 

Thus,  if  resin  be  rubbed  with  cat's  skin,  or  with 
flannel,  the  cat's  skin  or  flannel  will  be  positively,  and 
the  resin  negatively,  electrified ;  while  if  glass  be  rubbed 
with  silk,  the  glass  will  be  positively,  and  the  silk  nega- 
tively, electrified,  and  so  on. 

86.  It  is  not  our  purpose  here  to  describe  at  length  the 
electrical  machine,  but  we  may  state  that  it  consists  of 
two  parts,  one  for  generating  electricity  by  means  of  the 
friction  of  a  rubber  against  glass,  and  another  consisting 
of  a  system  of  brass  tubes,  of  considerable  surface,  sup- 
ported on  glass  stems,  for  coHecting  and  retaining  the 
electricity  so  produced.  This  latter  part  of  the  machine 
is  called  its  prime  conductor. 

Electric  Induction. 

87.  ^  Let  us  now  suppose  that  we  have  set  in  action  a 
machine  of  this  kind,  and  accumulated  a  considerable 


1.  Cat's  sldn. 


8.  Resin. 

9.  Metals. 

10.  Sulphur. 

11.  Caoutchouc. 

12.  Gutta-percha. 

13.  Gun-cotton. 


2.  Flannel. 

3.  Ivory. 

4.  Glass, 

5.  Silk. 

6.  Wood. 
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quantity  of  positive  electricity  in  its  prime  conductor  at 
A.    Let  us  next  take  two  vessels,  b  and  c,  made  of  brass 


Fig.  6. 


supported  on  glass  stems.    These  two  vessels  are  sup- 
posed to  be  in  contact,  but  at  the  same  time  to  be 
capable  of  being  separated  from  one  another  at  their 
middle  point,  where  the  line  is   drawn  in   Fig.  G. 
Now  let  us  cause  B  and  C  to  approach  A  together.  At 
first,  B  and  C  are  not  electrified,  that  is  to  say,  their  two 
electricities  are  not  separated  from  each  other,  but  ai-e 
mixed  together;  but  mark  what  wiU  happen  as  they 
are  pushed  towards  A.    The  positive  electricity  of  A  ^vill 
decompose  the  two  electricities  of  B  and  c,  attracting  the 
negative  towards  itself,  and  repelling  the  positive  as  far 
awV  as  possible.    The  disposition  of  electricities  wiU, 
therefore,  be  as  in  the  figure.    If  we  now  pull  c  away 
from  B,  we  have  obtained  a  quantity  of  positive  elec- 
tricity on  C,  by  help  of  the  original  electricity  which  was 
in  A-  in  fact,  we  have  made  use  of  the  original  stock  or 
electrical  capital  in  A.  in  order  to  obtain  positive  elec- 


THE  FOECES  AND  ENERGIES  OF  NATUEE.  G7 

fcricity  iu  c,  without,  however,  diminishing  the  amount 
of  our  original  stock.  Now,  this  distant  action  or  help, 
rendered  by  the  original  electricity  in  separating  that  of 
B  and  c,  is  called  electric  induction. 

88.  The  experiment  may,  however,  be  performed  in  a 
somewhat  different  manner— we  may  allow  B  and  C  to 
remain  together,  and  graduaUy  push  them  nearer  to  A. 
As  B  and  c  approach  A,  the  separation  of  their  electricities 
wiU  become  gxeater  and  greater,  until,  when  A  and  B  are 
only  divided  by  a  smaU  thickness  of  air,  the  two  opposite 
electricities  then  accumulated  will  have  sufficient  strength 
to  rush  together  through  the  air,  and  unite  with  each 
other  by  means  of  a  spark. 

89.  The  principle  of  induction  may  be  used  with  ad- 
vantage, when  it  is  wished  to  accumulate  a  large  quantity 
of  electricity. 

In  this  case,  an  instrument  called  a  Leyden  jar  is  very 
frequently  employed.  It  consists  of  a  glass  jar,  coated 
inside  and  outside  with  tin  foil,  as  in 
Fig  7.  A  brass  rod,  having  a  knob  at 
the  end  of  it,  is  connected  metallically 
\vith  the  inside  coating,  and  is  kept  in 
its  place  by  being  passed  through  a 
cork,  which  covers  the  mouth  of  the 
jar.  ^  Wo  have  thus  two  metallic 
coatings  which  are  not  electrically 
connected  with  one  another.  Now,  in 
■a  jar  .  of  this  Idnd,  let   the  outside 


Fig.  7. 
order  to 


charge 


coating  be  con- 
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nected  by  a  chain  with  the  earth,  while  at  the  same 
time  positive  electricity  from  the  prime  conductor  of 
an  electrical  machiae  is  communicated  to  the  inside  knob. 

The  positive  electricity  will  accumulate  on  the  inside 
coating  with  which  the  knob  is  connected.    It  will  then 
decompose  the  two  electricities  of  the  outside  coating, 
driving  the  positive  electricity  to  the  earth,  and  there 
dissipating  it,  but  attracting  the  negative  to  itseE  There 
will  thus  be  positive  electricity  on  the  inside,  and 
negative  on  the  outside  coating.   These  two  electricities 
may  be  compared  to  two  hostile  armies  watching  each 
other,  and  very  anxious  to  get  together,  while,  however, 
they  are  separated  from  one  another  by  means  of  an 
insurmountable  obstacle.    They  will  thus  remain  facing 
each  other,  and  at  their  posts,  while  each  side  is,  mean- 
while, being  recruited  by  the  same  operation  as  before. 
We  may  by  this  means  accumulate  a  vast  quantity  of 
opposite  electricities  on  the  two  coatings  of  such  a  jar, 
and  they  will  remain  there  for  a  long  time,  especially  if 
the  surrounding  atmosphere  and  the  glass  surface  of  the 
jar  be  quite  dry.    When,  however,  electric  connection  of 
any  kind  is  made  between  the  two  coatiags,  the  elec- 
tricities rush  together  and  unite  with  one  another  in  the 
shape  of  a  spark,  while  if  the  human  body  be  the  instru- 
ment of  connecting  them  a  severe  shock  will  be  felt. 

90.  It  would  thus  appear  that,  when  two  bodies 
charged  with  opposite  electricities  are  brought  near 
each  other,  the  two  electricities  rush  together,  forming 
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a  eiuTent,  and  the  ultimate  result  is  a  spark.  Now, 
this  spark  implies  heat,  and  is,  in  truth,  nothing  else 
than  small  particles  of  intensely  heated  matter  of  some 
kind.  We  have  here,  therefore,  fii-st  of  all,  the  conversion 
of  electrical  separation  into  a  current  of  electricity,  and, 
secondly,  the  conversion  of  this  current  into  heat.  In 
this  case,  however,  the  cui-rent  lasts  only  a  very  small 
time ;  the  discharge,  as  it  is  called,  of  a  Leyden  jar  being- 
probably  accomphshed  in  —th  of  a  second. 

The  Electric  Current. 

91.  In  other  cases  we  have  electrical  currents  which, 
although  not  so  powerful  as  that  produced  by  discharging 
a  Leyden  jar,  yet  last  longer,  and  are,  in  fact,  continuous 
instead  of  momentary. 

We  may  see  a  simUar  difference  in  the  case  of  visible 
energy  Thus  we  might,  by  means  of  gimpowder,  send 
up  in  a  moment  an  enormous  mass  of  water;  or  we 
might,  by  means  of  a  fountain,  send  up  the  same  mass 
in  the  course  of  time,  and  in  a  very  much  quieter 
manner.  We  have  the  same  sort  of  difference  in  electrical 
discharges,  and  having  spoken  of  the  rushing  together  of 
two  opposite  electricities  by  means  of  an  explosion  and 
a  spark,  let  us  now  speak  of  the  eminently  quiet  and 
eflective  voltaic  current,  in  which  we  have  a  continuous 
coming  together  of  the  same  two  agents. 

92  It  is  not  our  object  here  to  give  a  complete  de- 
scription, either  historical  or  scientific,  of  the  voltaic 
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battery,  "but  rather  to  give  such  an  account  as  will 
enable  our  readers  to  understand  what  the  arrangement 
is,  and  what  sort  of  effect  it  produces  ;  and  with  this 
object  we  shaU  at  once  proceed  to  describe  the  battery 
of  Grove,  which  is  perhaps  the  most  efficacious  of  aU  the 
various  Irrangements  for  the  purpose  of  producing  an 
electric  current.    In  this  battery  we  have  a  number  of 
cells  connected  toge- 
ther,  as   in  Fig.  8, 
which  shows  a  battery 
of  three  cells.  Each 
cell  consists  of  two 
vessels,  an  outer  and 
an  inner  one;  the  outer  vessel  being  made  of  glass 
or  ordinary  stone  ware,  while  the  inner  one  is  made 
of  unglazed  porcelain,  and  is  therefore  porous.  The 
outer  vessel  is  filled  with  dilute  sulphuric  acid,  anc  a 
plate  of  amalgamated  zinc-that  is  to  say,  of  metaUic 
zinc  having  its  outer  surface  brightened  with  mercury,- 
is  immersed  in  .his  acid.    Again,  in  the  inner  or  porous 
vessel  we  have  strong  nitric  acid,  in  which  a  plate  ot 
platinum  foU  is  immersed,  this  being  at  the  same  time  elec- 
trically connected  with  the  zinc  plate  of  the  next  outer 
vessel,  by  means  of  a  clamp,  as  in  the  figure.    Both  metals 
must  be  clean  where  they  are  pressed  together,  that  is  to 
say  the  true  metaUic  suifaces  of  both  must  be  in  contact. 
Finally,  a  wire  is  metallically  connected  with  the  plati- 
num of  the  left-hand  ceU,  and  a  similar  wii'e  with  the 
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zinc  of  the  right-hand  cell,  and  these  connecting  wires 
ought,  except  at  their  extremities,  to  be  covered  over 
Avith  gutta-percha  or  thread.  The  loose  extremities  of 
these  wires  are  called  the  poles  of  the  battery. 

93.  Let  us  now  suppose  that  we  have  a  battery  con- 
taicdng  a  good  many  ceEs  of  this  description,  and  let  the 
whole  arrangement  be  insulated,  by  being  set  upon  glass 
supports,  or  otherwise  separated  from  the  earth.  If  now 
we  test,  by  appropriate  methods,  the  extremity  of  the 
wire  connected  with  the  left-hand  platinum  plate,  it  will 
be  found  to  be  charged  with  positive  electricity,  while 
the  extremity  of  the  other  wire  will  be  found  charged 
with  negative  electricity. 

94).  In  the  next  place,  if  we  connect  these  poles  of  the 
battery  with  one  another,  the  two  electricities  will  rush 
together  and  unite,  or,  in  other  words,  there  will  be  an 
electric  cm-rent ;  but  it  will  not  be  a  momentary  but  a 
continuous  one,  and  for  some  time,  provided  these  poles 
are  kept  together,  a  current  of  electricity  will  pass  through 
the  wires,  and  indeed  through  the  whole  arrangement, 
including  the  cells. 

The  direction  of  the  current  will  be  such  that  positive 
electricity  may  he  supposed  to  pass  from  the  zinc  to  the 
platinum,  through  the  liquid ;  and  hack  again  through 
the  wire,  from  the  platinum  at  the  left  hand,  to  the  zinc 
at  the  right ;  in  fact,  to  go  in  the  direction  indicated  by 
the  arrow-head. 

95.  Thus  we  have  two  things.    In  the  first  place,  before 
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the  two  terminals,  or  poles,  have  been  brought  togethej , 
•we  have  them  charged  with  opposite  electricities ;  and. 
secondly,  when  once  they  have  been  brought  together,  we 
have  the  production  of  a  continuous  current  of  electricity. 
Now,  this  current  is  an  energetic  agent,  in  proof  of  which 
we  shall  proceed  to  consider  the  various  properties  which 
it  has, — ^the  various  things  which  it  can  do. 

Its  Magnetic  Effects. 

96.  In  the  first  place,  it  can  deflect  the  magnetic  needle. 
For  instance,  let  a  compass  needle  be  swung  freely,  and 
let  a  cm^ent  of  electricity  circulate  along  a  wu'e  placed 
near  this  needle,  and  in  the  direction  of  its  length,  then 
the  direction  in  which  the  needle  points  will  be  imme- 
diately altered.  This  direction  will  now  depend  upon  that 
of  the  current,  conveyed  by  the  wire,  and  the  needle  will 
endeavour  to  place  itself  at  right  angles  to  this  wire. 

In  order  to  remember  the  connection  between  the 
direction  of  the  current  and  that  of  the  magnet,  imagme 
your  body  to  form  part  of  the  positive  cuiTcnt,  which  may 
be  supposed  to  enter  in  at  your  head,  and  go  out  at  your 
feet ;  also  imagine  that  your  face  is  turned  towards  the 
magnet.  In  this  case,  the  pole  of  the  magnet,  which 
points  to  the  north,  will  always  be  deflected  by  the  cur- 
rent towards  your  right  hand.  The  strength  of  a  ciuTent 
may  be  measured  by  the  amovmt  of  the  deflection  it  pro- 
duces upon  a  magnetic  needle,  and  the  instrument  by  which 
this  measurement  is  made  is  called  a  galvanometer. 
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97.  In  the  next  place,  the  current  is  able,  not  merely 
to  deflect  a  magnet,  but  also  to  render  soft  iron  onagnetic. 
Let  us  take,  for  instance,  the  wire 
connected  with  the  one  pole  of  the 
battery,  and  cover  it  with  thread,  in 
order  to  insulate  it,  and  let  us  wi-ap 
this  wire  round  a  cylinder  of  soft 
iron,  as  in  Fig.    9.     If  we  now 
make  a  communication  between  the 
other   extremity  of   the  vrh'e,  and 
the  other  pole  of  the  batteiy,  so  as 
to  make  the  current  pass,  it  will  be 
found  that  our  cylinder  of  soft  iron 
has  become  a  powerful  magnet,  and  that  if  an  ii'on 
keeper  be  attached  to  it  as  in  the  figure,  the  keeper 
will  be  able  to  sustain  a  very  great  weight. 

Its  Heating  Effect. 
98.  The  electric  current  has  likeiuise  the  property  of 
heatimg  a  wire  through  tvhich  it  passes.  To  prove  this, 
let  us  connect  the  two  poles  of  a  battery  by  means  of  a 
fine  platinum  wire,  when  it  wiU  be  found  that  the  wire 
ViU,  in  a  few  seconds,  become  heated  to  redness.  In 
point  of  fact,  the  current  will  heat  a  thick  wire,  but  not 
so  much  as  a  thin  one,  for  we  may  suppose  it  to  rush  with 
great  violence  through  the  limited  section  of  the  thin 
wh-e,  producing  in  its  passage  great  heat 
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Its  Chemical  Ejfeci. 

99.  Besides  its  magnetic  and  heating  effects,  the  current 
has  also  the  joower  of  decomjoosing  compound  substances, 
under  certain  conditions.  Suppose,  for  instance,  tliat  the 
poles  of  a  battery,  instead  of  being  brought  together,  are 
plunged  into  a  vessel  of  water,  decomposition  will  at  once 
begin,  and  small  bubbles  of  oxygen  will  rise  from  the 
positive  pole,  while  small  bubbles  of  hydrogen  wiU  make 
their  appearance  at  the  negative.  If  the  two  gases  are 
collected  together  in  a  vessel,  they  may  be  exploded,  and 
if  collected  separately,  it  may  be  proved  by  the  ordinary 
tests,  that  the  one  is  oxygen  and  the  other  hydrogen. 

Attraction  and  Repulsion  of  Currents. 

100.  We  have  now  described  very  shortly  the  magnetic, 
the  heating,  and  the  chemical  effects  of  currents;  it 
remains  for  us  to  describe  the  effects  of  cui-rents  upon 
one  another. 

In  the  first  place,  suppose  that  we  have  two  wires 
which  are  parallel  to  one  another,  and  carry  cui-rents 
o-oina:  in  the  same  direction ;  and  let  us  further  suppose 
that  these  wfres  are  capable  of  moving,  then  it  is  found 
that  they  will  attract  one  another.  If,  however,  the 
wires,  although  parallel,  convey  currents  going  in  opposite 
directions,  they  will  then  repel  one  another.  A  good  way 
of  showing  this  experimentally  is  to  cause  two  circular 
currents  to  float '  on  water.    If  these  currents  both  go 
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either  in  the  same  direction  as  the  hands  of  a  watch, 
or  in  the  opposite  direction,  then  the  two  will  attract 
one  another;  hut  if  the  one  goes  in  the  one  direction, 
and  the  other  in  the  other,  they  will  then  repel  one 
another. 

Attraction  and  Repulsion  of  Magnets. 

101.  Ampere,  who  discovered  this  property  of  currents, 
has  likewise  shown  us  that  in  very  many  respects  a 
magnet  may  be  likened  to  a  collection  of  circular  currents 
aU  parallel  to  one  another,  their  direction  being  such  that, 
if  you  look  towards  the  north  pole  of  a  freely  suspended 
cylindrical  magnet  facing  it,  the  positive  current  will 
descend  on  the  east  or  left-hand  side,  and  ascend  on  the 
west  or  right-hand  side.    K  we  adopt  this  method  of 
viewing  magnets,  we  can  easily  account  for  the  attraction 
between  the  unlike  and  the  repulsion  between  the  like 
poles  of  a  mag-net,  for  when  unlike  poles  are  placed 
near  each  other,  the  cu-cular  currents  which  face  each 
other  are  then  all  going  in  the  same  direction,  and  the 
two  will,  therefore,  attract  one  another,  but  if  like  poles 
are  placed  in  this  position,  the  currents  that  face  each 
other  are  going  in  opposite  directions,  and  the  poles  will, 
therefore,  repel  one  another. 

Induction  of  Currents. 

102.  Before  closing  this  short  sketch  of  electrical 
phenomena,  we  must  aUude  to  the  inductive  effect  of 
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currents  upon  each  other.    Let  us  suppose  (Fig.  10)  that 

•  we  have  two  circular 
coils  of  wire,  covered 
with  thread,  and  placed 
near  each  other.  Let 
both  the  extremities  of 
the  right-hand  coil  be 
connected  with  the  poles 
of  a  battery,  so  as  to 
make  a  current  of  elec- 
tricity cnculate  round 
the  coil.  On  the  other 
hand,  let  the  left-hand 
coil  be  connected  with 
a  galvanometer,  thus 
enabhng  us  to  detect 
the  smallest  current  of 
electricity  which  may 
pass  through  this  coil. 
Now,  it  is  found  that 
when  we  first  connect 
the  idght-hand  coil,  so 
as  to  pass  the  battery 
current  through  it,  a 
momentary  ciu'rent  will 
pass  through  the  left- 
hand  coil,  and  will  de- 
flect the  needle  of  the 
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galvanometer,  but  this  current  will  go  in  an  oj^posite 
direction  to  that  which  cu'culates  round  the  right-hand 
coil. 

103.  Again,  as  long  as  the  current  continues  to  flow 
thi-ough  the  right-hand  coil  there  will  be  no  current 
through  the  other,  but  at  the  moment  of  breaking  the 
contact  between  the  right-hand  coil  and  the  battery  there 
will  again  be  a  momentary  cm-rent  in  the  left-hand  coil, 
but  this  time  in  the  same  direction  as  that  of  the  riffht- 
hand  coil,  instead  of  being,  as  before,  in  the  opposite 
direction.  In  other  words,  when  contact  is  made  in  the 
right-hand  coil,  there  is  a  momentary  current  in  the  left- 
hand  coil,  but  in  an  opposite  direction  to  that  in  the  right, 
while,  when  contact  is  hrolcen  in  the  right-hand  coU,  there 
is  a  momentary  current  in  the  left-hand  coU  in  the  same 
direction  as  that  in  the  rio-ht 

&  * 

104  In  order  to  exemplify  this  induction  of  cui-rents, 
it  is  not  even  necessary  to  make  and  break  the  current 
in  the  right-hand  coil,  for  we  may  keep  it  constantly  going 
and  arrange  so  as  to  make  the  right-hand  coU  (always 
retaining  its  connection  with  the  battery)  alternately 
approach  and  recede  from  the  other;  when  it  approaches 
the  other,  the  effect  produced  will  be  the  same  as  when 
the  contact  was  made  in  the  above  experiment— that  is 
to  say,  we  shaU  have  an  induced  cun-ent  in  an  opposite 
dn-ection  to  that  of  the  primary,  while,  when  it  recedes 
trom  the  other,  we  shall  have  a  current  in  the  same  direc- 
tion as  that  of  the  primary. 
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105.  Thus  we  see  that  whether  we  keep  both  coils 
stationary,  and  suddenly  produce  a  current  in  the  right- 
hand  coil,  or  whether,  keeping  this  current  constantly 
going,  we  suddenly  bring  it  near  the  other  coil,  the 
inductive  effect  will  be  precisely  the  same,  for  in  both 
cases  the  left-hand  coil  is  suddenly  brought  into  the 
pi-esence  of  a  current.  And  again,  it  is  the  same,  whether 
we  suddenly  break  the  right-hand  current,  or  suddenly 
remove  it  from  the  left-hand  coil,  for  in  both  cases 
this  coil  is  virtually  removed  from  the  presence  of  a 
current. 

List  of  Energies. 

106.  We  are  now  in  a  position  to  enumerate  the  various 
kinds  of  energy  which  occur  in  nature  ;  but,  before  doiag 
so,  we  must  warn  our  readers  that  this  enumeration  has 
nothing  absolute  or  complete  about  it,  representing,  as  it 
does,  not  so  much  the  present  state  of  our  knowledge  as 
of  our  want  of  knowledge,  or  rather  profound  ignorance, 
of  the  ultimate  constitution  of  matter.  It  is,  in  truth, 
only  a  convenient  classification,  and  nothing  more. 

107.  To  begin,  then,  with  visible  energy.  We  have 
first  of  all — 

Energy  of  Visible  Motion. 

(A.)  Visible  energy  of  actual  motion — in  the  planets, 
in  meteors,  in  the  cannon  baU,  in  the  storm,  in 
the  running  stream,  and  in  other  instances  of 
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bodies  in  actual  visible  motion,  too  numerous  to 
be  mentioned. 

Visible  Energy  of  Position. 

(B.)  We  have  also  visible  energy  of  position — in  a  stone 
on  tlie  top  of  a  cliff,  in  a  head  of  water,  in  a  rain 
cloud,  in  a  cross-bow  bent,  in  a  clock  or  watch 
wound  up,  and  in  various  other  instances. 

108.  Then  we  have,  besides,  several  cases  in  which 
there  is  an  alternation  between  (A)  and  (B). 

A  pendulum,  for  instance,  when  at  its  lowest  point,  has 
only  the  energy  (A),  or  that  of  actual  motion,  in  virtue  of 
Avhich  it  ascends  a  certain  distance  against  the  force  of 
gravity.  When,  however,  it  has  completed  its  ascent,  its 
energy  is  then  of  the  variety  (B),  being  due  to  position, 
and  not  to  actual  motion;  and  so  on  it  continues  to 
oscillate,  alternately  changing  the  nature  of  its  energy 
from  (A)  to  (B),  and  from  (B)  back  again  to  (A). 

109.  A  vibrating  body  is  another  instance  of  this  alter- 
nation. Each  particle  of  such  a  body  may  be  compared  to 
an  exceedingly  small  pendulum  oscillating  backwards 
and  forwards,  only  very  much  quicker  than  an  ordinary 
pendulum;  and  just  as  the  ordinary  pendulum  in  passing 
its  point  of  rest  has  its  energy  aU  of  one  kind,  whHe  in 
passing  its  upper  point  it  has  it  aU  of  another,  so  when 
a  vibrating  particle  is  passing  its  point  of  rest,  its  energy 
IS  aU  of  the  variety  (A),  and  when  it  has  reached  its 
extreme  displacement,  it  is  aU  of  the  variety  (B). 


THE  CONSERVATION  OF  ENERGY. 


Heat  Motion. 

110.  (C.)  Coming  now  to  molecular  or  invisible  energy, 
■we  have,  in  the  first  place,  that  motion  of  the 
molecules  of  bodies  which  we  term  heat.  A 
better  term  would  be  ahsorhed  heat,  to  distin- 
guish it  from  radiant  heat,  which  is  a  very 
difierent  thing.  That  peculiar  motion  which  is 
imparted  by  heat  when  absorbed  into  a  body  is, 
therefore,  one  variety  of  molecular  energy. 

Molecidar  Separation. 
(D.)  Analogous  to  this  is  that  effect  of  heat  which 
represents  position  rather  than  actual  motion. 
For  part  of  the  energy  of  absorbed  heat  is  spent 
in  pulling  asunder  the  molecules  of  the  body 
under  the  attractive  force  which  binds  them 
together  (Art.  73),  and  thus  a  store  of  energy  of 
position  is  laid  up,  which  disappears  again  after 
the  body  is  cooled. 

Atomic  or  Chemical  Separation. 
111.  (E.)  The  two  previous  varieties  of  energy  may  bo 
viewed  as  associated  with  molecules  rather  than 
Avith  atoms,  and  with  the  force  of  cohesion 
rather  than  with  that  of  chemical  affinity. 
Proceeding  now  to  atomic  force,  we  have 
a  species  of  energy  of  position  due  to  the 
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separation  of  different  atoms  under  the  strong 
chemical  attraction  they  have  for  one  another. 
Thus,  when  we  possess  coal  or  carbon  and  also 
oxygen  in  a  state  of  separation  from  one 
another,  we  are  in  possession  of  a  source  of 
energy  which  may  be  called  that  of  chemical 
separation. 


Electrical  Separation. 

112.  (F.)  The  attraction  which  heterogeneous  atoms 

possess  for  one  another,  sometimes,  however, 
gives  rise  to  a  species  of  energy  which  mani- 
fests itself  in  a  very  peculiar  form,  and 
appears  as  electrical  separation,  which  is  thus 
another  form  of  energy  of  position. 

Electricity  in  Motion. 

113.  (G.)  But  we  have  another  species  of  energy  con- 

nected with  electricity,  for  we  have  that  due  to 
electricity  in  motion,  or  in  other  words,  an 
electric  current  which  probably  represents  some 
form  of  actual  motion. 


Radiant  Energy. 
114.  (H.;  It  is  weU  known  that  there  is  no  ordinaiy 
matter,  or  at  least  hardly  any,  between  the  sun 
and  the  earth,  and  yet  we  have  a  kind  of  energy 
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which  we  may  call  radiant  energy,  which  pro 
ceeds  to  us  from  the  sun,  and  proceeds  also  with 
a  definite,  though  very  great  velocity,  taking 
about  eight  minutes  to  perform  its  journey. 
Now,  this  radiant  energy  is  Imown  to  consist  oi 
the  vibrations  of  an'  elastic  medium  pervading 
all  space,  which  is  called  ether,  or  the  ethereal 
medium.  Inasmuch,  therefore,  as  it  consists 
of  vibrations,  it  partakes  of  the  character  of 
pendulum  motion,  that  is  to  say,  the  energy  of 
any  ethereal  particle  is  alternately  that  of 
position  and  that  of  actual  motion. 

Law  of  Conservation. 
115.  Having  thus  endeavoured,  provisionally  at  least, 
to  catalogue  our  various  energies,  we  are  in  a  position 
to  state  more  definitely  what  is  meant  by  the  conserva- 
tion of  energy.  For  this  purpose,  let  us  take  the  universe 
as  a  whole,  or,  if  this  be  too  large,  let  us  conceive,  if 
possible,  a  small  portion  of  it  to  be  isolated  from  the  rest, 
as  far  as  force  or  energy  is  concerned,  forming  a  sort  of 
microcosm,  to  which  we  may  conveniently  direct  ovx 
attention. 

This  portion,  then,  neither  parts  with  any  of  its 
energy  to  the  universe  beyond,  nor  receives  any  from  it. 
Such  an  isolation  is,  of  course,  unnatural  and  impossible, 
but  it  is  conceivable,  and  will,  at  least,  tend  to  concentrate 
our  thoughts.   Now,  whether  we  regard  the  great  universe, 
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or  this  small  microcosm,  the  principle  of  the  conservation 
of  energy  asserts  that  the  sum  of  all  the  various  energies 
is  a  constant  quantity,  that  is  to  say,  adopting  the  lan- 
guage of  Algebra — 

(A)  +  (B)  +  (C)  +  (D)  +  (E)  +  (F)  +  (G)  +  (H)  =  a 
constant  quantity. 

116.  This  does  not  mean,  of  course,  that  (A)  is  constant 
in  itself,  or  any  other  of  the  left-hand  members  of  this 
equation,  for,  in  truth,  they  are  always  changing  about 
into  each  other — ^now,  some  visible  energy  being  changed 
mto  heat  or  electricity ;  and,  anon,  some  heat  or  electricity 
being  changed  back  again  into  visible  energy— but  it 
only  means  that  the  sum  of  all  the  energies  taken  together 
is  constant.  We  have,  in  fact,  in  the  left  hand,  eight 
variable  quantities,  and  we  only  assert  that  their  sum  is 
constant,  not  by  any  means  that  they  are  constant  them- 
selves. 

117.  Now,  what  evidence  have  we  for  this  assertion  ? 
It  may  be  repHed  that  we  have  the  strongest  possible 
evidence  which  the  nature  of  the  case  admits  of  The 
assertion  is,  in  truth,  a  peculiar  one— pecuHar  in  its  mag- 
nitude, in  its  universality,  in  the  subtle  nature  of  the 
agents  with  which  it  deals.  If  true,  its  truth  certainly 
cannot  be  proved  after  the  manner  in  which  we  prove  a 
proposition  in  EucUd.  Nor  does  it  even  admit  of  a  proof 
so  rigid  as  that  of  the  somewhat  analogous  principle  of 
the  conservation  of  matter,  for  in  chemistr^y  we  may 
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confine  the  products  of  our  chemical  combination  so 
completely  as  to  prove,  beyond  a  doubt,  that  no  heavy 
matter  passes  out  of  existence  that — when  coal,  for  in- 
stance, burns  in  oxygen  gas — what  we  have  is  merely  a 
change  of  condition.    But  we  cannot  so  easily  prove  that 
no  energy  is  destroyed  in  this  combination,  and  that  the 
only  result  is  a  change  from  the  energy  of  chemical 
separation  into  that  of  absorbed  heat,  for  during  the 
process  it  is  impossible  to  isolate  the  energy — do  what 
we  may,  some  of  it  wiU  escape  into  the  room  in  which  we 
perform  the  experiment ;  some  of  it  will,  no  doubt,  escape 
through  the  window,  while  a  little  wiU  leave  the  earth 
altogether,  and  go  out  into  space.    All  that  we  can  do 
in  such  a  case  is  to  estimate,  as  completely  as  possible, 
how  much  energy  has  gone  away,  since  we  cannot  possibly 
prevent  its  going.    But  this  is  an  operation  involving 
great  acquaintance  with  the  laws  of  energy,  and  very 
gTeat  exactness  of  observation :  in  fine,  our  readers  will 
at  once  perceive  that  it  is  much  more  difficult  to  prove 
the  truth  of  the  conservation  of  energy  than  that  of  the 
conservation  of  matter. 

118.  But  if  it  be  difficult  to  prove  our  principle  in 
the  most  rigorous  manner,  we  are  yet  able  to  give  the 
strongest  possible  indirect  evidence  of  its  truth. 

Our  readers  are  no  doubt  famihar  with  a  method 
which  EucHd  frequently  adopts  in  proving  his  proposi- 
tions. Starting  with  the  supposition  that  they  are  not 
true,  and  reasoning  upon  this  hypothesis,  he  comes  to- 
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an  absurd  conclusion — hence  he  concludes  that  they  are 
true.  Now,  we  may  adopt  a  method  somewhat  similar 
witJi  regard  to  our  principle,  only  instead  of  sup- 
posing it  imtrue,  let  us  suppose  it  true.  It  may  then 
be  shown  that,  if  it  be  true,  under  certain  test  conditions 
we  ought  to  obtain  certain  results — for  instance,  if  we 
increase  the  pressure,  we  ought  to  lower  the  freezing 
point  of  water.  Well,  we  make  the  experiment,  and 
find  that,  in  point  of  fact,  the  freezing  point  of  water  is 
lowered  by  increasing  the  pressure,  and  we  have  thus 
derived  an  argument  in  favour  of  the  conservation  of 
energy. 

119.  Or  again,  if  the  laws  of  energy  are  true,  it  may 
be  shown  that,  whenever  a  substance  contracts  when 
heated,  it  will  become  colder  instead  of  hotter  by  com- 
pression. Now,  we  know  that  ice-cold  water,  or  water 
just  a  little  above  its  freezing  point,  contracts  instead 
of  expanding  up  to  4°  C. ;  and  Sir  WiUiam  Thomson  has 
found,  by  experiment,  that  water  at  this  temperature  is 
•cooled  instead  of  heated  by  sudden  compression.  India- 
rubber  is  another  instance  of  this  relation  between  these 
two  properties,  for  if  we  stretch  a  string  of  india-rubber  it 
gets  hotter  instead  of  colder,  that  is  to  say,  its  tempera- 
ture rises  by  extension,  and  gets  lower  by  contraction ; 
«-nd  again,  if  we  heat  the  string,  we  find  that  it  contracts' 
in  length  instead  of  expanding  like  other  substances  as 
its  temperature  increases. 

120.  Numberless  instances  occur  in  Avhich  we  are 
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enabled  to  predict  wliat  will  happen  by  assuming  the 
truth  of  the  laws  of  energy ;  in  other  words,  these  laws 
are  proved  to  be  true  in  all  cases  where  we  can  put  them 
to  the  test  of  rigorous  experiment,  and  probably  we  can> 
have  no  better  proof  than  this  of  the  truth  of  such  a 
principle.  We  shall  therefore  proceed  upon  the  assumption 
that  the  conservation  of  energy  holds  true  in  all  cases,, 
and  give  our  readers  a  list  of  the  various  transmutations 
of  this  subtle  agent  as  it  goes  backwards  and  forwards 
from  one  abode  to  another,  making,  meanwhile,  sundry 
remarks  that  may  tend,  we  trust,  to  convince  our  readers 
•)f  the  truth  of  oiu-  assumption. 
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CHAPTER  IV. 
TBANSMUTATIONS  OF  ENERGY. 
.  Energy  of  Visible  Motion. 

121.  Let  us  begin  our  list  of  transmutations  with  the 
energy  of  visible  motion.  This  is  changed  into  energy 
of  position  when  a  stone  is  projected  upwards  above  the 
earth,  or,  to  take  a  case  precisely  similar,  when  a  planet 
or  a  comet  goes  from  perihelion,  or  its  position  nearest  the 
sun,  to  aphelion,  or  its  position  furthest  from  the  sun.  We 
thus  see  why  a  heavenly  body  should  move  fastest  at 
perilielion,  and  slowest  at  aphelion.  If,  however,  a 
planet  were  to  move  round  the  sun  in  an  orbit  exactly 
chcular,  its  velocity  would  be  the  same  at  aU  the  various 
points  of  this  orbit,  because  there  would  be  no  chansre 
in  its  distance  from  the  centre  of  atti^action,  and  there- 
fore no  transmutation  of  energy. 

122.  We  have  already  (Arts.  108,  109)  said  that  the 
energy  in  an  oscillating  or  vibrating  body  is  alternately 
that  of  actual  motion,  and  that  of  position.  In  this 
respect,  therefore,  a  pendulum  is  similar  to  a  comet  or 
heavenly  body  with  an  elliptical  orbit.    Nevertheless  the 
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change  of  energy  is  generally  more  complete  in  a  pendulum 
.  or  vibrating  body  than  it  is  in  a  heavenly  body  ;  for  in  a 
pendulum,  when  at  its  lowest  point,  the  energy  is  entirely 
that  of  actual  motion,  while  at  its  upper  point  it  is 
entirely  that  of  position.  Now,  in  a  heavenly  body  we 
have  only  a  lessening,  but  not  an  entire  destruction,  of 
the  velocity,  as  the  body  passes  from  perihelion  to 
aphelion — that  is  to  say,  we  have  only  a  partial  conver- 
sion of  the  one  kind  of  energy  into  the  other. 

123.  Let  us  next  consider  the  change  of  actual  visible 
energy  into  absorbed  heat.  This  takes  place  in  all  cases 
of  friction,  percussion,  and  resistance.  In  friction,  for 
instance,  we  have  the  conversion  of  work  or  energy  into 
heat,  whichis  here  produced  through  the  rubbing  of  surfaces 
against  each  other ;  and  Davy  has  shown  that  two  pieces 
of  ice,  both  colder  than  the  freezing  point,  may  be  melted 
by  friction.  In  percussion,  again,  we  have  the  energy 
of  the  blow  converted  into  heat  ;  while,  in  the  case  of  a 
meteor  or  cannon  ball  passing  through  the  ah-  with  great 
velocity,  we  have  the  loss  of  energy  of  the  meteor  or 
cannon  ball  through  its  contact  with  the  air,  and  at  the 
same  time  the  production  of  heat  on  account  of  this 
resistance. 

The  resistance  need  not  be  atmospheric,  for  we  may 
feet  the  cannon  ball  to  pierce  through  wooden  planks  or 
through  sand,  and  there  will  equally  be  a  production  of 
heat  on  account  of  the  resistance  offered  by  the  wooden 
planks  or  by  the  sand  to  the  motion  of  the  ball.  We 
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may  even  generalize  still  further,  and  assert  that  when- 
ever the  visible  momentum  of  a  body  is  transferred  to  a 
larger  mass,  there  is  at  the  same  time  the  conversion  of 
visible  energy  into  heat. 

124.  A  little  explanation  -will  be  required  to  make  this 
point  clear. 

The  third  law  of  motion  tells  us  that  action  and  re- 
action are  equal  and  opposite,  so  that  when  two  bodies 
come  into  collision  the  forces  at  work  generate  equal  and 
opposite  quantities  of  momentum.  We  shall  best  see 
the  meaning  of  this  law  by  a  numerical  example,  bear- 
ing in  mind  that  momentum  means  the  product  of  mass 
into  velocity. 

For  instance,  let  us  suppose  that  an  inelastic  body  of 
mass  10  and  velocity  20  strikes  directly  another  inelastic 
body  of  mass  15  and  velocity  15,  the  direction  of  both 
motions  being  the  same. 

Now,  it  is  well  known  that  the  united  mass  will,  after 
impact,  be  moving  with  the  velocity  17.  What,  then,  has 
been  the  influence  of  the  forces  developed  by  collision  ? 
The  body  of  greater  velocity  had  before  impact  a 
momentum  10  x  20  =  200,  while  its  momentum  after 
impact  is  only  10  x  17  =  170 ;  it  has  therefore  suffered 
a  loss  of  30  units  as  regards  momentum,  or  we  may  con- 
sider that  a  momentum  of  30  units  has  been  impressed 
upon  it  in  an  opposite  direction  to  its  previous  motion. 

On  the  other  hand,  the  body  of  smaller  velocity  had 
before  impact  a  momentum  15  x  15  =  225,  while  after 
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impact  it  has  15  x  17  =  255  tmits,  so  that  its  momentum 
has  been  increased  by  30  units  in  its  previous  direction. 

The  force  of  impact  has  therefore  generated  30  units 
of  momentum  in  two  opposite  directions,  so  that,  taking 
account  of  direction,  the  momentum  of  the  system  is 
the  same  before  and  after  impact ;  for  before  impact  "we 
had  a  momentum  of  10  X  20  +  15  x  15  =  425,  while  after 
it  we  have  the  united  mass  25  moving  with  the  velocity 
17,  giving  the  momentum  425  as  before. 

125.  But  while  the  momentum  is  the  same  before  and 
after  impact,  the  visible  energy  of  the  moving  mass  is 
undoubtedly  less  after  impact  than  before  it.  To  see 
this  we  have  only  to  turn  to  the  expression  of  Art.  28, 
from  which  we  find  that  the  energy  before  impact 

 m   

was  as  follows : — Energy  in  kilogrammetres  —  — 

10  X  20' +  15  X  lo'  ^  ^>jQ  nearly :  while  that  after  impact 
19-6 

^       =  368  nearly. 
19-6  ^ 

126.  The  loss  of  energy  will  be  still  more  manifest  if  we 
suppose  an  inelastic  body  in  motion  to  strike  against  a 
simHar  body  at  rest.  Thus  if  we  have  a  body  of  mass 
20  and  velocity  20  striking  against  one  of  equal  mass, 
but  at  rest,  the  velocity  of  the  double  mass  after  impact 
wiU  obviously  be  only  10;  but,  as  regards  energy,  that 

before  impact  wiU  U  =  g5«  while  that  ^fter 
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,    -ii  ,     40x10-     4000         ,    1  r 
impact  will  be  — — — -  =  — — .  or  only  half  the  former. 
^  19-6  19-6 

127.  Thus  there  is  in  all  such  cases  an  apparent  loss  of 
visible  energy,  while  at  the  same  time  there  is  the  pro- 
duction of  heat  on  account  of  the  blow  which  takes 
place.  If,  however,  the  substances  that  come  together  be 
perfectly  elastic  (which  no  substance  is),  the  visible  energy 
after  impact  will  be  the  same  as  that  before,  and  in  this 
case  there  will  be  no  conversion  into  heat.  This,  however, 
is  an  extreme  supposition,  and  inasmuch  as  no  substance 
is  perfectly  elastic,  we  have  in  all  cases  of  collision  a 
greater  or  less  conversion  of  visible  motion  into  heat. 

128.  We  have  spoken  (Art.  122)  about  the  change  of 
.  energy  in  an  oscillating  or  vibrating  body,  as  if  it  were 
entirely  one  of  actual  energy  into  energy  of  position, 
and  the  reverse. 

But  even  here,  in  each  oscillation  or  vibration,  there  is 
a  greater  or  less  conversion  of  visible  energy  into  heat. 
Let  us,  for  instance,  take  a  pendulum,  and,  in  order  to 
make  the  circumstances  as  favourable  as  possible,  let  it 
swing  on  a  knife  edge,  and  in  vacuo ;  in  this  case  there 
will  be  a  slight  but  constant  friction  of  the  knife  edge 
against  the  plane  on  which  it  rests,  and  though  the 
pendulum  may  continue  to  swing  for  hours,  yet  it  will 
ultimately  come  to  rest. 

And,  again,  it  is  impossible  to  make  a  vacuum  so  perfect 
that  there  is  absolutely  no  air  surrounding  the  pendulum, 
so  that  part  of  the  motion  of  the  pendulum  will  always 
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be  carried  off  by  the  residual  air  of  the  vacuum  in 
whicb  it  swings. 

129.  Now,  something  similar  happens  in  that  vibratory 
motion  which  constitutes  sound.  Thus,  when  a  beU  is  in 
vibration,  part  of  the  energy  of  the  vibration  is  carried 
off  by  the  surrounding  air,  and  it  is  in  virtue  of  this  that 
we  hear  the  sound  of  the  beU ;  but,  even  if  there  were  no 
air,  the  bell  would  not  go  on  vibrating  for  ever.  For 
there  is  in  all  bodies  a  greater  or  less  amount  of  internal 
viscosity,  a  property  which  prevents  perfect  freedom  of 
vibration,  and  which  ultimately  converts  vibrations  into 
heat. 

A  vibrating  bell  is  thus  very  much  in  the  same  position 
as  an  oscillating  pendulum,  for  in  both  part  of  the  energy 
is  given  off  to  the  air,  and  in  both  there  is  unavoidable 
friction— in  the  one  taking  the  shape  of  internal  vis- 
cosity, and  in  the  other  that  of  friction  of  the  knife  edge 
against  the  plane  on  which  it  rests. 

130.  In  both  these  cases,  too,  that  portion  of  the  energy 
which  goes  into  the  air  takes  ultimately  the  shape  of 
heat.  The  oscillating  penduliun  communicates  a  motion 
to  the  air,  and  this  motion  ultimately  heats  the  aii-.  The 
vibrating  beU,  or  musical  instrument,  in  like  manner  com- 
municates part  of  its  energy  to  the  air.  This  communi- 
cated energy  first  of  all  moves  through  the  air  with  the 
weU-known  velocity  of  sound,  but  dui-iag  its  progress  it, 
too,  no  doubt  becomes  partly  converted  into  heat. 
Ultimately,  it  is  transmitted  by  the  air  to  other  bodies. 
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and  by  means  of  tlieir  internal  viscosity  is  sooner  or 
later  converted  into  heat.  Thus  we  see  that  heat  is  the 
form  of  energy,  into  which  all  visible  terrestrial  motion, 
whether  it  be  rectilinear,  or  oscillatory,  or  vibratory,  is 
ultimately  changed. 

131.  In  the  case  of  a  body  in  visible  rectilinear  motion, 
on  the  earth's  siu'face,  this  change  takes  place  very  soon — ■ 
if  the  motion  be  rotatory,  such  as  that  of  a  heavy  re- 
volving top,  it  may,  perhaps,  continue  longer  before  it  is 
ultimately  stopped,  by  means  of  the  surrounding  air,  and 
by  friction  of  the  pivot;  if  it  be  oscillatory,  as  in  the 
pendulum,  or  vibratory,  as  in  a  musical  instrument,  we 
have  seen  that  the  air  and  internal  friction  are  at  work, 
in  one  shape  or  another,  to  carry  it  off,  and  will  ultimately 
succeed  in  converting  it  into  heat. 

132.  But,  it  may  be  said,  why  consider  a  body  moving 
on  the  earth's  surface?  why  not  consider  the  motion 
of  the  earth  itself?  Will  this  also  ultimately  take 
the  shape  of  heat  ? 

No  doubt  it  is  more  difficult  to  trace  the  conversion 
in  such  a  case,  inasmuch  as  it  is  not  proceeding  at  a 
sensible  rate  before  our  eyes.  In  other  words,  the 
very  conditions  that  make  the  earth  habitable,  and  a 
fit  abode  for  intelligent  beings  like  ourselves,  are  those 
which  unfit  us  to  perceive  this  conversion  of  energy 
in  the  case  of  the  earth.  Yet  we  are  not  without 
indications  that  it  is  actually  taking  place.  For  the 
purpose  of  exhibiting  these,  we  may  divide  the  earth's 
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motion  into  two — a  motion  of  rotation,  and  one  of  revo- 
lution. 

133.  Now,  with  regard  to  tlae  earth's  rotation,  the  con- 
version of  the  visible  energy  of  this  motion  into  heat  is 
already  well  recognized.  To  understand  this  we  have 
only  to  study  the  nature  of  the  moon's  action  upon  the 
fluid  portions  of  our  globe.  In  the  foUowing  diagram 
(Fig.  11)  we  have  an  exaggerated  representation  of  this, 
hj  which  we  see  that  the  spherical  earth  is  converted 


Moon 

Fiff.  11. 


into  an  elongated  oval,  of  which  one  extremity  always 
points  to  the  moon.  The  solid  body  of  the  earth  itself 
revolves  as  usual,  but,  nevertheless,  this  fluid  protuber- 
ance remains  always  pointing  towards  the  moon,  as  we 
see  in  the  figure,  and  hence  the  earth  rubs  against  the 
protuberance  as  it  revolves.  The  friction  produced  by 
this  action  tends  evidently  to  lessen  the  rotatory  energy 
of  the  earth— in  other  words,  it  acts  like  a  break— and  we 
have,  just  as  by  a  break-wheel,  the  conversion  of  visible 
energy  into  heat.  This  was  first  recognized  by  Mayer 
and  J.  Thomson. 

134).  But  while  there  can  be  no  doubt  about  the  fact  of 
fiuch  a  conversion  going  on,  the  only  question  is  regarding 
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its  rate  of  progress,  and  the  time  required  before  it  can 
cause  a  perceptible  impression  upon  the  rotative  energy 
of  the  earth. 

Now,  it  is  believed  by  astronomers  that  they  have 
detected  evidence  of  such  a  change,  for  our  knowledge  of 
the  motions  of  the  sun  and  moon  has  become  so  exact, 
that  not  only  can  we  carry  forward  our  calculations  so  as 
to  predict  an  eclipse,  but  also  carry  them  backwards,  and 
thus  fix  the  dates  and  even  the  very  details  of  the 
ancient  historical  eclipses. 

If,  however,  between  those  times  and  the  present,  the 
earth  has  lost  a  little  rotative  energy  on  account  of  this 
peculiar  action  of  the  moon,  then  it  is  evident  that  the 
calculated  circumstances  of  the  ancient  total  eclipse  will 
not  quite  agi'ee  with  those  actually  recorded ;  and  by 
a  comparison  of  this  nature  it  is  believed  that  we 
have  detected  a  very  slight  falling  off  in  the  rotative 
energy  of  our  earth.    If  we  carry  out  the  argument,  we 
shall  be  driven  to  the  conclusion  that  the  rotative  energy 
of  our  globe  will,  on  account  of  the  moon's  action,  always 
get  less  and  less,  until  things  are  brought  into  such  a 
state  that  the  rotation  comes  to  be  performed  in  the  same 
time  as  the  revolution  of  the  moon,  so  that  then  the  same 
portion  of  the  terrestrial  sui'face  being  always  presented 
to  the  moon,  it  is  evident  that  there  will  be  no  effort 
made  by  the  soUd  substance  of  the  earth,  to  glide  from 
under  the  fluid  protuberance,  and  there  will  in  conse- 
quence be  no  friction,  and  no  further  loss  of  energy. 


9Q  THE  CONSERVATION  OF  ENERGY. 

135.  If  the  fate  of  the  earth  be  ultimately  to  turn  the 
same  face  always  to  the  moon,  we  have  abundant  evidence 
that  this  very  fate  has  long  since  overtaken  the  moon 
herself    Indeed,  the  much  stronger  effect  of  our  earth 
upon  the  moon  has  produced  this  result,  probably,  even 
in  those  remote  periods  when  the  moon  was  chiefly  fluia ; 
and  it  is  a  fact  well  known,  not  merely  to  astronomers, 
but  to  aU  of  us,  that  the  moon  nowadays  turns  always 
the  same  face  to  the  earth.*    No  doubt  this  fate  has  long 
since  overtaken  the  satellites  of  Jupiter,  Saturn,  and  the. 
other  large  planets  ;  and  there  are  independent  indications 
that,  at  least  in  the  case  of  Jupiter,  the  satellites  turn 
always  the  same  face  to  their  primary. 

136.  To  come  now  to  the  energy  of  revolution  of  the 
earth,  in  h6r  orbit  round  the  sun,  we  cannot  help  behev- 
ing  that  there  is  a  material  medium  of  some  kind  between 
the  sun  and  the  earth;  indeed,  the  undulatory  theory  of 
Hght  requires  this  belief    But  if  we  beheve  in  such  a 
medium,  it  is  difficult  to  imagine  that  its  presence  will 
not  ultimately  diminish  the  motion  of  revolution  of  the 
earth  in  her  orbit;  indeed,  there  is  a  strong  scientific 
probability,  if  not  an  absolute  certainty,  that  such  will  be 
the  case    There  is  even  some  reason  to  think  that  the 
energy  of  a  comet  of  smaU  period,  caUed  Encke's  comet,  is 
graduaUy  being  stopped  from  this  cause ;  in  fine,  there  can 
be  hardly  any  doubt  that  the  cause  is  really  in  operation, 

*  This  explanation  was  first  given  ty  Professors  Thomson  and  Tait  in 
their  Natural  Philosophy,  and  by  Dr.  Fraaikland  in  a  lecture  at  theEoyal 
Institution  of  London. 
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and  will  ultimately  affect  the  motions  of  the  planets  and 
otlaer  heavenly  bodies,  even  although  its  rate  of  action 
may  be  so  slow  that  we  are  not  able  to  detect  it. 

We  may  perhaps  generalize  by  saying,  that  wherever 
in  the  universe  there  is  a  differential  motion,  that  is  to 
say,  a  motion  of  one  part  of  it  towards  or  from  another, 
then,  in  virtue  of  the  subtle  medium,  or  cement,  that  binds 
the  various  parts  of  the  universe  together,  this  motion  is 
not  unattended  by  something  like  friction,  in  vu'tue  of 
Avhich  the  differential  motion  will  ultimately  disappear, 
Avhile  the  loss  of  energy  caused  by  its  disappearance  wiU 
assume  the  form  of  heat. 

137.  There  are,  indeed,  obscvure  intimations  that  a  con- 
version of  this  kind  is  not  improbably  taking  place  in  the 
solar  system;  for,  in  the  sun  himself,  we  have  the  matter 
near  the  equator,  by  virtue  of  the  rotation  of  our  lumi- 
nary, carried  alternately  towards  and  fi'om  the  various 
planets.      Now,  it  would  seem  that  the  sun-spots  or 
atmospheric  disturbances  of  the  sun,  affect  particularly 
his  equatorial  regions,  and  have  likewise  a  tendency  to 
attain  theii-  maximum  size  in  that  position,  which  is  as 
far  away  as  possible  from  the  influential  planets,  such  as 
Mercury  or  Venus;*    so  that  if  Venus,  for  instance, 
were  between  the  earth  and  the  sun,  there  would  be  few 
sun-spots  in  the  middle  of  the  sun's  disc,  because  that 
would  be  the  part  of  the  sun  nearest  Venus. 

*  See  De  La  Rue,  Stewart,  and  Loewy's  rcseavcl.cs  on  Solar  Physics. 
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But  if  the  planets  influence  sun-spots,  the  action  is  no 
doubt  reciprocal,  and  we  have  much  reason  to  believe  that 
sun-spots  influence,  not  only  the  magnetism,  but  also  the 
meteorology  of  our  earth,  so  that  there  are  most  displays 
of  the  Aurora  Borealis,  as  well  as  most  cyclones,  in  those 
years  when  there  are  most  sun-spots.  *  Is  it  not  then 
possible  that,  in  these  strange,  mysterious  phenomena, 
we  see  traces  of  the  machinery  by  means  of  which  the 
difi'erential  motion  of  the  solar  system  is  gradually  being 
changed  into  heat  ? 

138.  We  have  thus  seen  that  visible  energy  of  actual 
motion  is  not  unfrequently  changed  into  visible  energy  of 
position,  and  that  it  is  also  very  often  transformed  into 
absorbed  heat.    We  have  now  to  state  that  it  may  like- 
wise be  transformed  into  electrical  separation.  Thus,  when 
an  ordinary  electrical  machine  is  in  action,  considerable 
labour  is  spent  in  turning  the  handle ;  it  is,  in  truth, 
harder  to  turn  than  if  no  electricity  were  being  produced— 
in  other  words,  part  of  the  energy  which  is  spent  upon 
the  machine  goes  to  the  production  of  electrical  separation. 
There  are  other  ways  of  generatmg  electricity  besides  the 
frictional  method.    If,  for  instance,  we  bring  an  insulated 
conducting  plate  near  the  prime  conductor  of  the  electrical 
machine,  yet  not  near  enough  to  cause  a  spark  to  pass, 
and  if  we  then  touch  the  insulated  plate,  we  shall  find  it, 
after  contact,  to  be  charged  with  an  electricity  the  oppo- 

*  See  the  Magnetic  Researches  of  Sir  E.  Sabine,  also  C.  McMrum  on 
the  Periodicity  of  Cyclones. 
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site  of  that  in  the  machine;  we  may  then  remove  it 
and  make  use  of  this  electricity 

It  requires  a  little  thought  to  see  what  labour  we  have 
spent  in  this  process.    We  must  bear  in  mind  that,  by 
touching  the  plate,  we  have  carried  off  the  electricity  of 
the  same  name  as  that  of  the  machine,  so  that,  after 
touching  the  insulated  plate  it  is  more  strongly  attracted 
to  the  conductor  than  it  was  before.    When  we  begin  to 
remove  it,  therefore,  it  will  cost  us  an  effort  to  do  so  and 
the  mechanical  energy  which  we  spend  in  removiila  it 
will  account  for  the  energy  of  electrical  separation  which 
we  then  obtain. 

139.  We  may  thus  make  use  of  a  smaU  nucleus  of 
electricity,  to  assist  us  in  procuring  an  unlimited  supply 
for  in  the  above  process  the  electricity  of  the  prime  con- 
ductor remains  unaltered,  and  .ve  may  repeat  the 
operation  as  often  as  we  like,  and  gather  together  a  very 
laro.  quantity  of  electricity,  without  finally  altering  tZ 
electricity  of  the  prime  conductor,  but  not,  hoCev. 
without  the  expenditure  of  an  equivalent  Imount  of 
energy,  m  the  shape  of  actual  work. 

140.  While,  as  we  have  seen,  there  is  a  tendency  in  ill 

In  Art.  101      found  ftat  if  „„e  coil  connected  with  a 
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battery  were  quickly  moved  into  the  presence  of  another 
coil  connected  with  a  galvanometer,  an  induced  current 
would  be  generated  in  the  latter  coil,  and  would  affect 
the  galvanometer,  its  direction  being  the  reverse  of  that 
passing  in  the  other.  Now,  an  electric  current  implies 
energy,  and  we  may  therefore  conclude  that  some  other 
form  of  energy  must  be  spent,  or  disappear,  in  order  to 
produce  the  current  which  is  generated  in  the  coil 
attached  to  the  galvanometer. 

Asain,  we  learn  from  Art.  100  that  two  currents  going 
in  opposite  directions  repel  one  another.     The  current 
o-enerated  in  the  coil  attached  to  the  galvanometer  or 
secondary  current  will,  therefore,  repel  the  primary 
current,  which  is  moving  towards  it ;  this  repulsion  will 
either  cause  a  stoppage  of  motion,  or  render  necessary 
the  expenditure  of  energy,  in  order  to  keep  up  the 
motion  of  this  moving  coil.    We  thus  find  that  two 
phenomena  occur  simultaneously.     In  the  first  place, 
there  is  the  production  of  energy  in  the  secondary  coil, 
in  the  shape  of  a  current  opposite  in  direction  to 
that  of  the  primary  coil;  in  the  next  case,  owing  to 
the  repulsion  between  this  induced  current  and  the 
primary  current,  there  is  a  stoppage  or  disappearance  of 
the  energy  of  actual  motion  of  the  moving  coiL  We 
have,  in  fact,  the  creation  of  one  species  of  energy,  and  at 
the  same  time  the  disappearance  of  another,  and  thus  wc 
see  that  the  law  of  conservation  is  by  no  means  broken. 
141.  We  see  also  the  necessary  connection  between  the 
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two  electrical  laws  described  in  Arts.  100  and  104.  In- 
deed, liad  these  laws  been  other  than  what  they  are,  the 
principle  of  conservation  of  energy  would  have  been 
broken. 

For  instance,  had  the  induced  current  in  the  case  now 
mentioned  been  in  the  same  direction  as  that  of  the 
primary,  the  two  currents  would  have  attracted  each 
other,  and  thus  there  would  have  been  the  creation  of  a 
secondary  cuiTent,  implying  energy,  in  the  coil  attached 
to  the  galvanometer,  along  with  an  increase  of  the  visible 
energy  of  motion  of  the  primary  current— that  is  to  say, 
instead  of  the  creation  of  one  kind  of  energy,  accom- 
panied with  the  disappearance  of  another,  we  should 
have  had  the  simultaneous  creation  of  both ;  and  thus 
the  law  of  conservation  of  energy  would  have  been 
broken. 

We  thus  see  that  the  principle  of  consein^ation  enables 
us  to  deduce  the  one  electrical  law  from  the  other  and 
this  IS  one  of  the  many  instances  which  streng-then  our 
behef  in  the  truth  of  the  great  principle  for  which  we 
are  contendina- 

142.  Let  us  next  consider  what  wiU  take  place  if  we 
cause  the  primary  current  to  move  from  the  secondary 
coil  mstead  of  towards  it. 

In  this  case  we  know,  from  Ai-t.  104,  that  the  induced 
current  will  be  in  the  same  direction  as  the  primary 
while  we  are  told  by  Ai-t.  100  that  the  two  currents  will 
now  attract  each  other.    The  tendency  of  this  attraction 
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wiU  be  to  stop  the  motion  of  the  primary  cun-ent  from 
the  secondary  one,  or,  in  other  words,  there  will  be  a  dis- 
appearance of  the  energy  of  visible  motion,  while  at  the 
same  time  there  is  the  production  of  a  current.    In  both 
cases,  therefore,  one  form  of  energy  disappears  while 
another  takes  its  place,  and  in  both  there  will  be  a  very 
perceptible    resistance    experienced    in    moving  the 
primary  coil,  whether  towards  the  secondary  or  from  it. 
Work  wiU,  in  fact,  have  to  be  spent  in  both  operations, 
and  the  outcome  of  this  work  or  energy  will  be  the  pro- 
duction of  a  current  in  the  first  place,  and  of  heat  in  the 
second;  for  we  learn  from  Art.  98  that  when  a  cm-rent 
passes  llong  a  wii-e  its  energy  is  generally  spent  in  heatijig 
the  wire. 

We  have  thus  two  phenomena  occurring  together,  in 
the  fii'st  place,  in  moving  a  current  of  electricity  to  and 
from  a  coil  of  wii-e,  or  any  other  conductor,  or  (which  is 
the  same  thing,  since  action  and  reaction  are  equal  and 
opposite)  in  moving  a  coil  of  wire  or  any  other  con- 
ductor to  and  from  a  current  of  electricity,  a  sense 
of  resistance  will  be  experienced,  and  energy  will  have 
to  be  spent  upon  the  process ;  in  the  second  place,  an 
electrical  current  will  be  generated  in  the  conductor,  and 
the  conductor  wiU  be  heated  in  consequence. 

143  The  result  will  be  rendered  very  prominent  it 
we  cause  a  metaUic  top,  in  rapid  rotation,  to  spin  near 
two  iron  poles,  which,  by  means  of  the  battery,  we  can 
suddenly  convert  into  the  poles  of  a  powerful  electro- 
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magiicfc.  Wlien  this  cliange  is  made,  and  the  poles  be- 
come magnetic,  the  motion  of  the  top  is  very  speedily 
brought  to  rest,  just  as  if  it  had  to  encoimter  a  species 
of  invisible  friction.  This  curious  result  can  easily  be 
explained.  We  have  seen  from  Art.  101  that  a  magnet 
resembles  an  assemblage  of  electric  currents,  and  in  the 
metaUic  top  we  have  a  conductor  alternately  approaching 
these  currents  and  receding  from  them  ;  and  hence,  ac- 
coi'ding  to  what  has  been  said,  we  shall  have  a  series  of 
secondary  currents  produced  in  the  conducting  toj)  which 
will  stop  its  motion,  and  which  will  ultimately  take  the 
shape  of  heat.  In  other  words,  the  visible  energy  of  the 
top  Avill  be  changed  into  heat  just  as  truly  as  if  it  were 
stopped  by  ordinary  friction. 

144.  The  electricity  induced  in  a  metallic  conductor, 
moved  in  the  presence  of  a  powerful  magnet,  has  received 
the  name  of  Magneto-Electricity;  and  Dr.  Joule  has 
made  use  of  it  as  a  convenient  means  of  enablino-  him 
to  determine  the  mechanical  equivalent  of  heat,  for  it 
is  into  heat  that  the  energy  of  motion  of  the  conductor 
is  ultimately  transformed.  But,  besides  all  this,  these 
currents  form,  perhaps,  the  very  best  means  of  obtaining 
electricity  ;  and  recently  very  powerful  machines  have 
been  constructed  by  Wilde  and  others  with  this  view. 

145.  These  machines,  when  large,  are  worked  by  a 
steam-engme,and  their  mode  of  operation  is  as  follows  :— 
The  nucleus  of  the  machine  is  a  system  of  powerful 
permanent  steel  magnets,  and  a  conducting  coil  is  made 
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to  revolve  rapidly  in  presence  of  these  magnets.  The 
current  produced  by  this  moving  coil  is  then  used  in 
order  to  produce  an  extremely  powerful  electro-magnet, 
and  finally  a  coil  is  made  to  move  with  great  rapidity 
in  presence  of  this  powerful  electro-magnet,  thus  causing 
induced  currents  of  vast  strength.  So  powerful  are  these 
currents,  that  when  used  to  produce  the  electric  light, 
small  pdnt  may  he  read  on  a  dark  night  at  the  distance 
of  two  miles  from  the  scene  of  operation  ! 

It  thus  appears  that  in  this  machine  a  double  use  is 
made  of  magneto-electricity.  Starting  with  a  nucleus 
of  permanent  magnetism,  the  magneto-electric  currents 
are  used,  in  the  first  instance,  to  form  a  powerful  electro- 
magnet much  stronger  than  the  first,  and  this  powerful 
electro-magnet  is  again  made  use  of  in  the  same  way  as 
the  first,  in  order  to  give,  by  means  of  magneto- 
electricity,  an  induced  current  of  very  great  strength. 

146.  There  is,  moreover,  a  very  great  likeness  betAveen 
a  magneto-electric  machine  like  that  of  Wilde's  for  gene- 
rating electric  currents,  and  the  one  which  generates 
statical  electricity  by  means  of  the  method  already  de- 
scribed Art.  139.  In  both  cases  advantage  is  taken  of  a 
nucleus,  for  in  the  magneto-electric  machine  we  have 
the  molecular  currents  of  a  set  of  permanent  magnets, 
which  are  made  the  means  of  generating  enormous 
electric  currents  without  any  permanent  alteration  to 
themselves,  yet  not  without  the  expenditure  of  work. 

Again,  in  an  induction  machine  for  generating  statical 
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electricity,  we  have  an  electric  nuclcns,  such  as  we  have 
supposed  to  reside  in.  the  prime  conductor  of  a  machine  ; 
and  advantage  may  be  taken,  as  we  have  seen,  of  this 
nucleus  in  order  to  generate  a  vast  quantity  of  statical 
electricity,  without  any  permanent  alteration  of  the 
nucleus,  but  not  without  the  expenditure  of  work. 

147.  We  have  now  seen,  under  what  conditions  the 
visible  energy  of  actual  motion  may  be  changed — Istly, 
into  energy  of  position ;  2ndly,  into  the  two  energies 
which  embrace  absorbed  heat;  Srdly,  into  electrical  sepa- 
ration ;  and  finally  into  electricity  in  motion.  As  far  as 
we  know,  visible  energy  cannot  directly  be  transformed 
into  chemical  separation,  or  into  radiant  energy. 

Visible  Energy  of  Position. 
14S.  Having  thus  exhausted  the  transmutations  of  the 
energy  of  visible  motion,  we  next  tui-n  to  that  of 
l)osition,  and  find  that  it  is  transmuted  into  motion,  but 
not  immediately  into  any  other  form  of  energy;  we  ma}^ 
therefore,  dismiss  this  variety  at  once  from  our  considera- 
tion. 

Ahsorhecl  Heat 
149.  Commg  now  to  these  two  forms  of  energy  which 
embrace  absorbed  heat,  we  find  that  this  may  be  con- 
verted into  (A)  or  actual  visible  energy  in  the  case  of 
the  steam-engine,  the  air-engine,  and  all  varieties  of  heat 
engines.    In  the  steam-engine,  for  instance,  part  of  the 
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heat  wliicli  passes  tlirough  it  disappears  as  heat,  utterly 
and  absolutely,  to  reappear  as  mechanical  effect.  There 
is,  however,  one  condition  which  must  be  rigidly  ful- 
filled, whenever  heat  is  changed  into  mechanical  effect — 
there  must  be  a  difference  of  temperature,  and  heat  will 
only  he  changed  into  work,  while  it  'passes  from  a  body 
of  high  temperature  to  one  of  loiv. 

Carnot,  the  celebrated  French  physicist,  has  ingeniously 
likened  the  mechanical  power  of  heat  to  that  of  water ; 
for  just  as  you  can  get  no  work  out  of  heat  unless  there 
be  a  flow  of  heat  from  a  higher  temperature  level  to  a 
lower,  so  neither  can  you  get  work  out  of  water  unless  it 
be  falling  from  a  higher  level  to  a  lower. 

150.  If  we  reflect  that  heat  is  essentially  distributive 
in  its  nattire,  we  shall  soon  perceive  the  reason  for  this 
pecuUar  law ;  for,  in  virtue  of  its  nature,  heat  is  always 
rushing  from  a  body  of  high  temperature  to  one  of  low, 
and  if  left  to  itself  it  would  distribute  itself  equally 
amongst  all  bodies,  so  that  they  would  ultimately  be- 
come of  the  same  temperature.  Now,  if  we  are  to  coax 
work  out  of  heat,  we  must  humour  its  nature,  for  it  may 
be  compared  to  a  pack  of  schoolboys,  who  are  always 
ready  to  run  with  sufficient  violence  out  of  the  school- 
room into  the  open  fields,  but  who  have  frequently  to  be 
dragged  back  with  a  very  considerable  expenditure  of 
energy.  So  heat  will  not  allow  itself  to  be  confined, 
but  will  resist  any  attempt  to  accumulate  it  into  a 
limited  space.    Work  cannot,  therefore,  be  gained  by 
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such  an  operation,  but  must,  on  the  contrary,  be  spent 
upon  the  process. 

151.  Let  us  now  for  a  moment  consider  the  case  of  an 
enclosure  in  which  everything  is  of  the  same  temperature. 
Here  we  have  a  dull  dead  level  of  heat,  out  of  which  i^- 
will  be  impossible  to  obtain  the  faintest  semblance  of 
work.  The  temperature  may  even  be  high,  and  there 
may  be  immense  stores  of  heat  energy  in  the  enclosure, 
but  not  a  trace  of  this  is  available  in  the  shape  of  work. 
Taking  up  Carnot's  comparison,  the  water  has  already 
fallen  to  the  same  level,  and  lies  there  without  any 
power  of  doing  useful  work — dead,  in  a  sense,  as  far  as 
"sdsible  energy  is  concerned. 

152.  We  thus  perceive  that,  firstly,  we  can  get  work 
out  of  heat  when  it  passes  from  a  higher  to  a  lower 
temperature,  but  that,  secondly,  we  must  spend  work  upon 
it  in  order  to  make  it  pass  from  a  lower  temperature  to  a 
higher  one  ;  and  that,  thu'dly  and  finally,  nothing  in  the 
shape  of  work  can  be  got  out  of  heat  which  is  all  at  the 
same  temperature  level. 

What  we  have  now  said  enables  us  to  realize  the  con- 
ditions under  which  all  heat  engines  work.  The  essential 
point  about  such  engines  is,  not  the  possession  of  a 
cylinder,  or  piston,  or  fly  wheels,  or  valves,  but  the 
possession  of  two  chambers,  one  of  high  and  the  other 
of  low  temperature,  whUe  it  performs  work  in  the  process 
of  canyirg  heat  from  the  chamber  of  high  to  that  of  low 
temperature. 
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Let  US  take,  for  example,  tlie  low-pressure  engine. 
Here  we  have  tlie  boiler  or  chamber  of  high,  and  the 
condenser  or  chamber  of  low,  temperature,  and  the  engine 
works  while  heat  is  being  carried  from  the  boiler  to  the 
condenser — never  while  it  is  being  carried  from  the  con- 
denser to  the  boiler. 

In  like  manner  in  the  locomotive  we  have  the  steam 
generated  at  a  high  temperature  and  pressure,  and  cooled 
by  injection  into  the  atmosphere. 

153.  But,  leaving  formal  engines,  let  us  take  an 
ordinary  fire,  which  plays  in  truth  the  part  of  an  engine, 
as  far  as  energy  is  concerned.  We  have  here  the  cold 
air  streaming  in  over  the  floor  of  the  room,  and  rushia<T[ 
into  the  fire,  to  be  there  united  with  carbon,  while  the 
rarefied  product  is  carried  up  the  cliimney.  Dismissing 
from  our  thoughts  at  present  the  process  of  combustion, 
except  as  a  means  of  supplying  heat,  we  see  that  there 
is  a  continual  in-draught  of  cold  au-,  which  is  heated  by 
the  fire,  and  then  sent  to  mingle  with  the  au'  above. 
Heat  is,  in  fact,  distributed  by  this  means,  or  carried  fi'om 
a  body  of  high  temperatm-e,  i.e.  the  fire,  to  a  body  of  low 
temperature,  i.e.  the  outer  air,  and  in  this  process  of  dis- 
tribution mechanical  efiect  is  obtained  in  the  up-rush 
of  air  through  the  chimney  with  considerable  velocity. 

154.  Our  own  earth  is  another  instance  of  such  an 
engine,  having  the  equatorial  regions  as  its  boiler, 
and  the  polar  regions  as  its  condensers  ;  for,  at 
tlie   equator,  the  air  is  heated  by  the  direct  rays 
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of  the  sun,  and  we  have  there  an  ascending  current  of 
air,  up  a  chimney  as  it  were,  the  place  of  which  is  sup- 
plied hy  an  in-draught  of  colder  air  along  the  gi-ound 
or  floor  of  the  world,  from  the  poles  on  both  sides.  Thus 
the  heated  air  makes  its  way  from  the  equator  to  the 
poles  in  the  upper  regions  of  the  atmosphere,  while  the 
cold  air  makes  its  way  from  the  poles  to  the  equator 
along  the  lower  regions.  Very  often,  too,  aqueous  vapour 
as  well  as  air  is  carried  up  by  means  of  the  sun's  heat 
to  the  upper  and  colder  atmospheric  regions,  and  there 
deposited  in  the  shape  of  rain,  or  hail,  or  snow,  which 
ultimately  finds  its  way  back  again  to  the  earth,  often 
displaying  in  its  passage  immense  mechanical  energy. 
Indeed,  the  mariner  who  hoists  his  sail,  and  the  miller 
who  grinds  his  corn  (whether  he  use  the  force  of  the 
wind  or  that  of  running  water),  are  both  dependent 
upon  this  great  earth-engine,  which  is  constantly  at  work 
producing  mechanical  effect,  but  always  in  the  act  of 
carrying  heat  from  its  hotter  to  its  colder  regions. 

155.  Now,  if  it  be  essential  to  an  engine  to  have  two 
chambers,  one  hot  and  one  cold,  it  is  equally  important 
that  there  should  be  a  considerable  temperature  differ- 
ence between  the  two. 

If  Nature  insists  upon  a  difference  before  she  will  give 
us  work,  we  shall  not  be  able  to  pacify  her,  or  to  meet 
her  requirements  by  maldng  tliis  difference  as  small  as 
possible.  And  hence,  cceteris  paribus,  we  shall  obtain  a 
greater  proportion  of  work  out  of  a  certain  amount  of 
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heat  passing  tlirougli  our  engine  when  the  temperature 
difference  between  its  boiler  and  condenser  is  as  great 
as  possible.  In  a  steam-engine  this  difference  cannot 
be  very  great,  because  if  the  water  of  the  boiler  were  at 
a  very  high  temperature  the  pressure  of  its  steam  would 
become  dangerous ;  but  in  an  air-engine,  or  engine  that 
heats  and  cools  air,  the  temperature  difference  may  be 
much  larger.  There  are,  however,  practical  inconveniences 
in  engines  for  which  the  temperature  of  the  boiler  is 
very  high,  and  it  is  possible  that  these  may  prove  so 
formidable  as  to  turn  the  scale  against  such  engines 
although  in  theory  they  ought  to  be  very  economical 

156.  The  principles  now  stated  have  been  employed  by 
Professor  J.  Thomson,  in  his  suggestion  that  the  appli- 
cation of  pressure  would  be  found  to  lower  the  freezino- 
point  of  water ;  and  the  truth  of  this  suggestion  was  after- 
wards proved  by  Professor  Sir  W.  Thomson.  The  fol- 
lowing was  the  reasoning  employed  by  the  former : — 

Suppose  that  we  have  a  chamber  kept  constantly  at 
the  temperature  0°  C,  or  the  melting  point  of  ice,  and 
that  we  have  a  cylinder,  of  which  the  sectional  ai-ea 
is  one  square  metre,  filled  one  metre  in  height  with 
water,  that  is  to  say,  containing  one  cubic  metre  of 
water.  Suppose,  next,  that  a  well-fitting  piston  is 
placed  above  the  surface  of  the  water  in  this  cylinder, 
and  that  a  considerable  weight  is  placed  upon  the  piston. 
Let  us  now  take  the  cylinder,  water  and  all,  and  carry 
it  into  another  room^  of  which  the  temperature  is  just 
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a  trifle  lower.    In  course  of  time  tlie  water  will  freeze, 
and,  as  it  expands  in  freezing,  it  will  push  up  the  piston  and 
weight  about  j^^ths  of  a  metre;  and  we  may  suppose 
that  the  piston  is  kept  fastened  in  this  position  hy  means 
of  a  peg.    Now  carry  back  the  machine  into  the  fu'st 
room,  and  in  the  course  of  time  the  ice  will  be  melted, 
and  we  shall  have  water  once  more  in  the  cylinder,  but 
there  will  now  be  a  void  space  of  ^^ths  of  a  metre 
between  the  piston  and  the  surface.    We  have  thus  ac- 
quu-ed  a  certain  amount  of  energy  of  position,  and  wo 
have  only  to  pull  out  the  peg,  and  allow  the  piston  with 
its  weight  to  fall  down  through  the  vacant  space,  in  order 
to  utilize  this  energy,  after  which  the  arrangement  is  ready 
to  start  afresh.    Again,  if  the  weight  be  very  great,  the 
energy  thus  gained  will  be  very  great ;  in  fact,  the  energy 
win  vary  with  the  weight.    In  fine,  the  arrangement 
now  described  is  a  veritable  heat  engine,  of  which  the 
chamber  at  0°  C.  corresponds  to  the  boiler,  and  the  other 
chamber  a  trifle  lower  in  temperature  to  the  condenser, 
while  the  amount  of  work  we  get  out  of  the  engine — or,  in 
other  words,  its  efBciency— will  depend  upon  the  weight 
which  is  raised  through  the  space  of  ,-^ths  of  a  metre, 
so  that,  by  increasmg  this  weight  without  Hmit,  we  may 
increase  the  efficiency  of  our  engine  without  limit.  It 
would  thus  at  first  sight  appear  that  by  this  device  of  hav- 
ing two  chambers,  one  at  Q°  G,  and  the  other  a  trifle  lower, 
we  can  get  any  amount  of  work  out  of  our  water  engine 
and  that,  consequently,  we  have  managed  to  overcome 
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Nature.  But  here  Thomson's  law  comes  into  operation, 
showing  that  we  cannot  overcome  Nature  by  any  such 
device,  but  that  if  we  have  a  large  weight  upon  our 
piston,  we  must  have  a  proportionally  large  difference  of 
temperature  between  onv  two  chambers — that  is  to  say, 
the  freezing  point  of  water,  under  great  pressure,  will  be 
lower  in  temperature  than  its  freezing  point,  if  the 
pressure  upon  it  be  only  small. 

Before  leaving  this  subject  we  must  call  upon  our 
readers  to  realize  what  takes  place  in  all  heat  engines. 
It  is  not  merely  that  heat  produces  mechanical  effect, 
but  that  a  given  quantity  of  heat  absolutely  passes  out 
of  existence  as  heat  in  producing  its  equivalent  of  work 
If,  therefore,  we  could  measure  the  mere  heat  produced 
in  an  engine  by  the  burning  of  a  ton  of  coals,  we 
should  find  it  to  be  less  when  the  engine  was  doing 
work  than  when  it  was  at  rest. 

In  like  manner,  when  a  gas  expands  suddenly  its 
temperature  falls,  because  a  certain  amount  of  its  heat 
passes  out  of  existence  in  the  act  of  producing  mechani- 
cal effect. 

157.  We  have  thus  endeavoured  to  show  under  what 
conditions  absorbed  heat  may  be  converted  into  mechani- 
cal effect.  This  absorbed  heat  embraces  (Art.  110)  two 
varieties  of  energy,  one  of  these  being  molecular  motion, 
and  the  other  molecular  energy  of  position. 

Let  us  now,  therefore,  endeavour  to  ascertain  under 
what  circumstances  the  one  of  these  varieties  may  be 


TRANSMUTATIONS  OF  ENERGY. 


113 


changed  into  tlie  other.  It  is  well  known  that  it  takes 
a  good  deal  of  heat  to  convert  a  kilogramme  of  ice  into 
water,  and  that  when  the  ice  is  melted  the  temperature 
of  the  water  is  not  perceptibly  higher  than  that  of  the 
ice.  It  is  equally  weU  known  that  it  takes  a  great  deal 
of  heat  to  convert  a  kilogramme  of  boiling  water  into 
steam,  and  that  when  the  transformation  is  accomplished, 
the  steam  produced  is  not  perceptibly  hotter  than  the 
boiling  water.  In  such  cases  the  heat  is  said  to  become 
latent. 

Now,  in  both  these  cases,  but  more  obviously  in  the 
last,  we  may  suppose  that  the  heat  has  not  had  its  usual 
office  to  perform,  but  that,  instead  of  increasing  the 
motion  of  the  molecules  of  water,  it  has  spent  its  energy 
in  tearing  them  asunder  from  each  other,  against  the 
force  of  cohesion  which  binds  them  together. 

Indeed,  we  know  as  a  matter  of  fact  that  the  force  of 
cohesion  which  is  perceptible  in  boiling  water  is  ap- 
parently absent  from  steam,  or  the  vapour  of  water,  because 
its  molecules  are  too  remote  from  one  another  to  allow  of 
this  force  being  appreciable.  We  may,  therefore,  suppose 
that  a  large  part,  at  least,  of  the  heat  necessary  to  con- 
vert boiling  water  into  steam  is  spent  in  doing  work 
against  molecular  forces. 

Wlien  the  steam  is  once  more  condensed  into  hot  water, 
the  heat  thus  spent  reassumes  the  form  of  molecular 
motion,  and  the  consequence  is  that  we  require  to  take 
aAvay  somehow  all  the  latent  heat  of  a  kilogramme  of 
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steam  before  we  can  convert  it  into  boiling  -water.  In 
fact,  if  it  is  difficult  and  tedious  to  convert  water  into 
steam,  it  is  difficult  and  tedious  to  convert  steam  into 
water. 

158.  Besides  tbe  case  now  mentioned,  there  are  other 
instances  in  which,  no  doubt,  molecular  separation 
becomes  gradually  changed  into  heat  motion.  Thus, 
when  a  piece  of  glass  has  been  suddenly  cooled,  its  par- 
ticles have  not  had  time  to  acquire  their  proper  position, 
and  the  consequence  is  that  the  whole  structure  is  thrown 
into  a  state  of  constraint.  In  the  course  of  time  such 
bodies  tend  to  assume  a  more  stable  state,  and  their 
particles  gradually  come  closer  together. 

It  is  owing  to  this  cause  that  the  bulb  of  a  thermo- 
meter recently  blown  gradually  contracts,  and  it  is  no 
doubt  owing  to  the  same  cause  that  a  Prince  Kupert's 
drop,  formed  by  droppuig  melted  glass  into  water,  when 
broken,  falls  into  powder  with  a  kuid  of  explosion.  It 
seems  probable  that  in  all  such  cases  these  changes  are 
attended  with  heat,  and  that  they  denote  the  conversion 
of  the  energy  of  molecular  separation  into  that  of 
molecular  motion. 

159.  Having  thus  examined  the  transmutations  of  (C) 
into  (D),  and  of  (D)  back  again  into  (C),  let  us  now 
proceed  with  our  list;  and  see  tmder  what  circumstances 
absorbed  heat  is  changed  into  chemical  separation. 

It  is  well  known  that  when  certain  bodies  are  heated, 
they  are  decomposed ;  for  instance,  if  limestone  or  car- 
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bonate  of  lime  be  heated,  it  is  decomposed,  the  carbonic 
acid  being  given  out  in  the  shape  of  gas,  while  quick- 
lime remains  behind.  Now,  heat  is  consumed  in  this 
process,  that  is  to  say,  a  certain  amount  of  heat  energy 
absolutely  passes  out  of  existence  as  heat  and  is  changed 
into  the  energy  of  chemical  separation.  Again,  if  the 
lime  so  obtained  be  exposed,  under  certain  circum- 
stances, to  an  atmosphere  of  carbonic  acid,  it  will 
gradually  become  changed  into  carbonate  of  lime ;  and  in 
this  change  (which  is  a  gTadual  one)  we  may  feel  assui-ed 
that  the  energy  of  chemical  separation  is  once  more  con- 
verted into  the  energy  of  heat,  although  we  may  not  per- 
ceive any  increment  of  temperatui-e,  on  account  of  the 
slow  nature  of  the  process. 

At  very  high  temperatui-es  it  is  possible  that  most 
compoimds  are  decomposed,  and  the  temperature  at 
which  this  takes  place,  for  any  compound,  has  been 
termed  its  temperature  of  disassociation. 

160.  Heat  energy  is  changed  into  electrical  sepo.ration 
when  tourmalines  and  certain  other  crystals  are  heated. 

Let  us  take,  for  instance,  a  crystal  of  tourmaline  and 
raise  its  temperature,  and  we  shall  find  one  end  positively, 
and  the  other  negatively,  electrified.  Again,  let  us  take 
the  same  crystal,  and  suddenly  cool  it,  and  we  shall  find 
an  electrification  of  the  opposite  kind  to  the  foiTuer,  so 
that  the  end  of  the  axis,  which  was  then  positive,  will 
now  be  negative.  Now,  this  separation  of  the  electricities 
denotes  energy ;  and  we  have,  therefore,  in  such  crystals 


116 


THE  CONSERVATION  OF  ENERGY. 


a  case  where  tlie  energy  of  lieat  lias  been  changed  into 
that  of  electrical  separation.  In  other  words,  a  certain 
amount  of  heat  has  passed  out  of  existence  as  heat, 
while  in  its  place  a  certain  amount  of  electrical  separa- 
tion has  been  obtained. 

161.  Let  us  next  see  under  what  circumstances  heat  is 
changed  into  electricity  in  motion.  This  transmutation 
takes  place  in  thermo-electricity. 

Suppose,  for  instance,  that  we  have  a  bar  of  cojJjoer  or 
C  ■<- — antimony,  say  copper,  soldered 
to  a  bar  of  bismuth,  as  in  Fig. 
12.  Let  us  now  heat  one  of 
the  junctions,  while  the  other 
remauis  cool.  It  will  be  found 
that  a  current  of  positive  elec- 
tricity circulates  round  the 
j'ig.  12.  bar,  in  the  direction  of  the 

arrow-head,  going  from  the  bismuth  to  the  copper  across 
the  heated  junction,  the  existence  of  which  may  be 
detected  by  means  of  a  compass  needle,  as  we  see  in  the 
figure. 

Here,  then,  we  have  a  case  in  which  heat  energy 
goes  out  of  existence,  and  is  converted  into  that  of  an 
electric  current,  and  we  may  even  arrange  matters 
so  as  to  make,  on  this  principle,  an  instrument  which 
shah,  be  an  extremely  delicate  test  of  the  existence  of 
heat. 

By  having  a  number  of  junctions  of  bismuth  and 
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This  arraage- 


antimony,  as  in  Fig.  13,  and  heating  the  upper  set,  while 
the  lower  remain  cool,  we  get  a 
strong  cuiTcnt  going  from  the  bis- 
muth to  the  antimony  across  the 
lieated  junctions,  and  we  may  pass 
the  cui-rent  so  produced  round  the 
wire  of  a  galvanometer,  and  thus, 
by  increasing  the  number  of  our 
junctions,  and  also  by  using  a  very 
delicate  galvanometer,  we  may  get 
a  very  perceptible  effect  for  the 
smallest  heating  of  the  upper  junctions, 
ment  is  called  the  thermopile,  and,  in  conjunction  with 
the  reflectmg  galvanometer,  it  afibrds  the  most  delicate 
means  knoAvn  for  detecting  small  quantities  of  heat. 

162.  The  last  transmutation  on  our  list  with  respect  to 
absorbed  heat  is  that  in  which  this  species  of  energy  is 
transformed  into  radiant  light  and  heat.  This  takes 
place  whenever  a  hot  body  cools  in  an  open  space— the 
Sim,  for  instance,  parts  mth  a  large  quantity  of  his  heat 
in  this  way;  and  it  is  due,  in  part  at  least,  to  this  process 
that  a  hot  body  cools  in  an-,  and  whoUy  to  it  that  such  a 
body  cools  in  vacuo.  It  is,  moreover,  due  to  the  pen^ 
tration  of  our  eye  by  rachant  energy  that  we  are  able  to 
see  hot  bodies,  and  thus  the  very  fact  that  we  see  them 
implies  that  they  are  parting  with  their  heat. 

Radiant  energy  moves  through  space  with  the  enormous 
velocity  of  188,000  mUes  in  one  second.    It  takes  about 
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eight  minutes  to  come  from  the  sun  to  our  earth,  so  thafe 
if  our  luminary  were  to  be  suddenly  extinguished,  we 
should  have  eight  minutes,  respite  before  the  catastrophe 
overtook  us.  Besides  the  rays  that  affect  the  eye,  there 
are  others  which  we  cannot  see,  and  which  may  therefore 
be  termed  dark  rays.  A  body,  for  instance,  may  not  be 
hot  enough  to  be  self-luminous,  and  yet  it  may  be  rapidly 
cooling  and  changing  its  heat  into  radiant  energy,  which 
is  given  off'  by  the  body,  even  although  neither  the  eye 
nor  the  touch  may  be  competent  to  detect  it.  It  may 
nevertheless  be  detected  by  the  thermopile,  which  was 
described  in  Art.  161.  We  thus  see  how  strong  is  the 
likeness  between  a  heated  body  and  a  sounding  one. 
For  just  as  a  sounding  body  gives  out  part  of  its  sormd 
energy  to  the  atmosphere  around  it,  so  does  a  heated 
body  give  out  part  of  its  heat  energy  to  the  ethereal 
medium  aroxmd  it.  When,  however,  we  consider  the 
rates  of  motion  of  these  energies  through  their  re- 
spective media,  there  is  a  mighty  difference  between 
the  two,  sound  travelling  through  the  air  with  the 
velocity  of  1100  feet  a  second,  while  radiant  energy 
moves  over  no  less  a  space  than  188,000  miles  in  the 
same  portion  of  time. 

Chemical  Separation. 

1G3.  We  now  come  to  the  energy  denoted  by  chemical 
separation,  such  as  we  possess  when  we  have  coal  or 
parbon  in  one  place,  and  oxygen  in  another,    Very  evi- 
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clently  this  form  of  energy  of  position  is  transmuted  into 
heat  when  -we  burn  the  coal,  or  cause  it  to  combine  with 
the  oxygen  of  the  air ;  and  generally,  whenever  chemical 
combination  takes  place,  we  have  the  production  of  heat, 
even  although  other  circumstances  may  interfere  to  pre- 
vent its  recognition. 

Now,  in  accordance  with  the  principle  of  conservation, 
it  may  be  expected  that,  if  a  definite  quantity  of  carbon 
or  of  hydrogen  be  burned  under  given  circumstances, 
there  will  be  a  definite  production  of  heat;  that  is  to 
say,  a  ton  of  coals  or  of  coke,  when  burned,  will  give  us 
so  many  heat  units,  and  neither  more  or  less.  We  may, 
no  doubt,  burn  our  ton  in  such  a  way  as  to  economize 
more  or  less  of  the  heat  produced ;  but,  as  far  as  the  mere 
production  of  heat  is  concerned,  if  the  quantity  and 
quality  of  the  material  burned  and  the  circumstances  of 
combustion  be  the  same,  we  expect  the  same  amount  of 
heat, 

164.  The  following  table,  derived  from  the  researches 
of  .Andrews,  and  those  of  Favre  and  Silbermann,  shows 
us  how  many  imits  of  heat  we  may  get  by  burning  a 
kilogramme  of  various  substances. 

Units  of  Heat  developed  hj  Combustion  in  Oxygen. 

Kilogrammes  of  Water  raised  1°  C. 


Substance  by  the  combustion  of  one  kilo- 

Burned,  gramme  of  each  substance. 

Hydrogen    34,135 

Carbon   7,990 

Sulphur    2,263 
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Kilogrammes  of  Water  raised  1°  C. 
Substance  by  the  combustion  of  one  kilo- 

Burned,  gramme  of  each  substance. 

Phosphorus   5,747 

Zinc   1^301 

Iron   1,576 

Tin    1,233 

Oleficant  Gas    11,900 

Alcohol   7,016 

1G5.  There  are  other  methods,  besides  combustion,  by 
wliich  chemical  combination  takes  place. 

When,  for  instance,  we  plunge  a  piece  of  metallic  iron 
into  a  solution  of  copper,  we  find  that  when  we  take  it 
out,  its  surface  is  covered  with  copper.  Part  of  the  iron 
has  been  dissolved,  taking  the  place  of  the  copper,  which 
has  therefore  been  thrown,  in  its  metallic  state,  upon  the 
surface  of  the  iroa  Now,  in  this  operation  heat  is  given 
out — ^we  have  in  fact  burned,  or  oxidized,  the  iron,  and 
we  are  thus  fivrnished  with  a  means  of  arransrinff  the 
metals,  beginning  with  that  wliich  gives  out  most  heat, 
when  used  to  displace  the  metal  at  the  other  extremity 
of  the  series. 

166.  The  following  list  has  been  formed,  on  this  prin- 
ciple, by  Dr.  Andrews  : — 

1.  Zinc  5.  Mercury 

2.  Iron    .  6.  Silver 

3.  Lead  7.  Platinum 

4.  .Copper. 
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— that  is  to  say,  the  metal  platinum  can  be  displaced  by 
any  other  metal  of  the  series,  but  we  shall  get  most  heat 
if  we  use  2inc  to  displace  it. 

We  may  therefore  assume  that  if  we  displace  a  defi- 
nite quantity  of  platinum  by  a  definite  quantity  of  zinc, 
we  shall  get  a  definite  amount  of  heat.  Suppose, 
however,  that  instead  of  performing  the  operation  in  one 
step,  we  make  two  of  it.  Let  us,  for  instance,  first  of  all 
displace  copper  by  means  of  zinc,  and  then  platinum  by 
means  of  copper.  Is  it  not  possible  that  the  one  of  these 
processes  may  be  more  fruitful  in  heat  giving  than  the 
other?  Now,  Andrews  has  sho^vn  us  that  we  cannot 
gain  an  advantage  over  Nature  in  this  way,  and  that  if 
we  use  our  zinc  first  of  aU  to  displace  iron,  or  copper,  or 
lead,  and  then  use  this  metal  to  displace  platinum,  we 
shall  obtain  just  the  very  same  amoimt  of  heat  as  if  we 
had  used  the  zinc  to  displace  the  platinum  at  once. 

167.  It  ought  here  to  be  mentioned  that,  very  generally, 
chemical  action  is  accompanied  with  a  change  of 
molecular  condition, 

A  solid,  for  instance,  may  be  changed  into  a  liquid, 
or  a  gas  into  a  liquid.  Sometimes  the  one  change 
counteracts  the  other  as  far  as  apparent  heat  is  concerned; 
but  sometimes,  too,  they  co-operate  together  to  increase 
the  result.  Thus,  when  a  gas  is  absorbed  by  water, 
much  heat  is  evolved,  and  we  may  suppose  the  result 
to  be  due  in  part  to  chemical  combination,  and  in  part 
to  the  condensation  of  the  gas  into  a  Hquid,  by  which 
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means  its  latent  heat  is  rendered  sensible.  On  the 
other  hand,  when  a  liquid  unites  with  a  solid,  or  when 
two  solids  unite  with  one  another,  and  the  product 
is  a  liquid,  we  have  very  often  the  absorption  of 
heat,  the  heat  rendered  latent  by  the  dissolution  of 
the  solid  being  more  than  that  generated  by  combina- 
tion. Freezing  mixtures  owe  their  cooling  properties 
to  this  cause;  thus,  if  snow  and  salt  be  mixed  to- 
gether, they  liquefy  each  other,  and  the  result  is  brine 
of  a  temperature  much  lower  than  that  of  either  the 
ingredients, 

168.  When  heterogeneous  metals,  such  as  zinc  and 
copper,  are  soldered  together,  we  have  apparently  a 
conversion  of  the  energy  of  chemical  separation  into 
that  of  electrical  separation.  This  was  first  suggested 
by  Volta  as  the  origin  of  the  electrical  separation  which 
we  see  in  the  voltaic  current,  and  recently  its  existence 
has  been  distinctly  proved  by  Sir  W.  Thomson. 

To  render  manifest  this  conversion  of  energy,  let  us 
solder  a  piece  of  zinc  and  copper  together — ^if  we  now 
test  the  bar  by  means  of  a  delicate  electrometer  we  shall 
find  that  the  zinc  is  positively,  while  the  copper  is  nega- 
tivel})-,  electrified.  We  have  here,  therefore,  an  instance 
of  the  transmutation  of  one  form  of  energy  of  position 
into  another;  so  much  energy  of  chemical  sej)ai'ation 
disappearing  in  order  to  produce  so  much  electrical  sepa- 
ration. This  explains  the  fact  recorded  in  Art.  93> 
where  we  saw  that  if  a  battery  be  insulated  and  its  poles 
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kept  apart,  the  one  "will  be  cliarged  witli  positive,  and 
the  other  with  negative,  electricity. 

169.  But  further,  when  such  a  voltaic  Lattery  is  in 
action,  we  have  a  transmutation  of  chemical  separation 
into  electricity  in  motion.  To  see  this,  let  us  consider 
what  takes  place  in  such  a  battery. 

Here  no  doubt  the  sources  of  electrical  excitement  are 
the  points  of  contact  of  the  zinc  and  platinum,  where,  as 
we  see  by  our  last  article,  we  have  electrical  separation 
produced.  But  this  of  itself  would  not  produce  a 
cmTent,  for  an  electrical  current  implies  very  consider- 
able energy,  and  must  be  fed  by  something.  Now,  in 
the  voltaic  battery  we  have  two  things  which  ac- 
company each  other,  and  which  are  manifestly  con- 
nected together.  In  the  fii-st  place  we  have  the  com- 
bustion, or  at  least  the  oxidation  and  dissolution,  of 
the  zinc;  and  we  have,  secondly,  the  production  of  a 
powerful  cm-rent.  Now,  evidently,  the  fii-st  of  these  is 
that  which  feeds  the  second,  or,  in  other  words,  the 
energy  of  chemical  separation  of  the  metallic  zinc  is 
transmuted  into  that  of  an  electrical  current,  the  zinc 
being  virtually  burned  in  the  process  of  transmutation. 

170.  Finally,  as  far  as  we  are  aware,  the  energy  of 
chemical  separation  is  not  directly  transmuted  into 
radiant  light  and  heat. 
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Electrical  Separation. 

171.  In  the  first  place  the  energy  of  electrical  separa- 
tion is  obviously  transmuted  into  that  of  visible  motion, 
when  two  oppositely  electrified  bodies  approach  each 
other, 

172.  Again,  it  is  transmuted  into  a  current  of 
electricity,  and  ultimately  into  heat,  when  a  spark  passes 
between  two  oppositely  electrified  bodies. 

It  ought,  therefore,  to  be  borne  in  mind  that  when  the 
flash  is  seen  there  is  no  longer  electricity,  what  we  see 
being  merely  air,  or  some  other  material,  intensely  heated 
by  the  discharge.  Thus  a  man  might  be  rendered  in- 
sensible by  a  flash  of  lightning  without  his  seeing  the 
flash — for  the  efiect  of  the  discharge  upon  the  man,  and 
its  efiect  in  heating  the  air,  might  be  phenomena  so 
nearly  simultaneous  that  the  man  might  become  in- 
sensible before  he  coidd  perceive  the  flash. 

Electricity  in  Motion. 

173.  This  energy  is  transmuted  into  that  of  visible 
motion  when  two  wires  convejdng  electrical  currents  in 
the  same  direction  attract  each  other.  When,  for  in- 
stance, two  circular  currents'  float  on  water,  both  going 
in  the  direction  of  the  hands  of  a  watch,  we  have  seen 
from  Art.  100  that  they  will  move  towards  each  other. 
Now,  here  there  is,  in  truth,  a  lessening  of  the  intensity 
of  each  current  when  the  motion  is  taking  place,  for 


TRANSMUTATIONS  OF  ENERGY. 


125 


we  know  (Ai-t.  104)  that  when  a  c'rcuit  is  moved  into 
the  presence  of  another  circuit  conveying  a  current, 
there  is  produced  by  induction  a  current  in  the  opposite 
direction ;  and  hence  we  perceive  that,  when  two  similar 
currents  approach  each  other,  each  is  diminished  by 
means  of  this  inductive  influence — ^in  fact,  a  certain 
amount  of  current  energy  disappears  from  existence 
in  order  that  an  equivalent  amount  of  the  energy  of 
visible  motion  may  be  produced. 

174.  Electricity  in  motion  is  transmuted  into  heat 
during  the  passage  of  a  current  along  a  thin  wire,  or  any 
badly  conducting  substance — the  wire  is  heated  in  con- 
sequence, and  may  even  become  white  hot.  Most 
frequently  the  energy  of  an  electric  current  is  spent  in 
heating  the  wires  and  other  materials  that  form  the 
cu'cuit.  Now,  the  energy  of  such  a  current  is  fed  by  the 
burning  or  oxidation  of  the  metal  (generally  zinc)  which 
is  used  in  the  circuit,  so  that  the  ultimate  effect  of  this 
combustion  is  the  heating  of  the  various  wires  and  other 
materials  through  wloich  the  current  passes. 

175.  "We  may,  in  truth,  bum  or  oxidize  ziac  in  two 
ways — ^we  may  oxidize  it,  as  we  have  just  seen,  in  the 
voltaic  battery,  and  we  shall  find  that  by  the  combustion 
of  a  kilogramme  of  sine  a  definite  amount  of  heat  is 
produced.  Or  we  may  oxidize  our  zinc  by  dissolving  it 
in  acid  in  a  single  vessel,  when,  without  going  through  the 
intei-mediate  process  of  a  current,  we  shall  get  just  as 
much  heat  out  of  a  kilogramme  of  zinc  as  we  did  in  the 
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former  case.  In  fact,  whether  we  oxidize  our  zinc  by  the 
battery,  or  in  the  ordinary  way,  the  quantity  of  heat 
produced  will  always  bear  the  same  relation  to  the 
quantity  of  zinc  consumed;  the  only  difference  being 
that,  in  the  ordinary  way  of  oxidizing  zinc,  the  heat  is 
generated  in  the  vessel  containing  the  zinc  and  acid, 
while  in  the  battery  it  may  make  its  appearance  a 
thousand  miles  away,  if  we  have  a  sufficiently  long  wire 
to  convey  our  current. 

176.  This  is,  perhaps,  the  right  place  for  alluding  to  a 
discovery  of  Peltier,  that  a  current  of  positive  electricity 
passing  across  a  junction  of  bismuth  and  antimony  in 
the  direction  from  the  bismuth  to  the  antimony  appears 
to  produce  cold. 

To  understand  the  significance  of  this  fact  we  must 
consider  it  in  connection  with  the  thermo-electric 
current,  which  we  have  seen,  from  Art.  161,  is  established 
in  a  circuit  of  bismuth  and  antimony,  of  which  one 
junction  is  hotter  than  the  other.  Suppose  we  have  a 
circuit  of  this  kind  with  both  its  junctions 
at  the  temperature  of  100°  C.  to  begin  with. 
Suppose,  next,  that  while  we  protect  one 
junction,  we  expose  the  other  to  the  opeia 
air — it  wiU,  of  course,  lose  heat,  so  that 

tl      the  protected  junction  wiU  now  be  hotter 
I      than  the  other.    The  consequence  will  be 
Y     (Art.  161)  that  a  current  of  positive  elec- 
C        tricity  will  pass  along  the  protected  junc- 
rig.  14.     lion  from  the  bismuth  to  the  antimony. 
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Now,  here  we  have  an  apparent  anomaly,  for  the 
circuit  is  cooling — that  is  to  say,  it  is  losing  energy 
— but  at  the  very  same  time  it  is  manifesting  energy 
in  another  shape,  namely,  in  that  of  an  electric  current, 
Avhich  is  circulating  round  it.  Clearly,  then,  some  of 
the  heat  of  this  circuit  must  be  sj)ent  in  generating 
this  current;  in  fact,  we  should  expect  the  circuit  to 
act  as  a  heat  engine,  only  jiroducing  current  energy 
instead  of  mechanical  energy,  and  hence  (Art,  152)  we 
should  expect  to  see  a  conveyance  of  heat  from  the 
hotter  to  the  colder  parts  of  the  circuit.  Now,  this  is 
precisely  what  the  current  does,  for,  passing  along  the 
hotter  junction,  in  the  direction  of  the  arrow-head,  it 
cools  that  junction,  and  heats  the  colder  one  at  C, — in 
other  words,  it  carries  heat  from  the  hotter  to  the  colder 
parts  of  the  circuit.  We  should  have  been  very  much 
surprised  had  such  a  current  cooled  c  and  heated  H, 
for  then  we  should  have  had  a  manifestation  of  current 
energy,  accompanied  with  the  conveyance  of  heat  from  a 
colder  to  a  hotter  substance,  which  is  against  the  principle 
of  Art.  152. 

177.  Finally,  the  energy  of  electricity  in  motion  is 
converted  into  that  of  chemical  sepccration,  when  a 
cun-ent  of  electricity  is  made  to  decompose  a  body. 
Part  of  the  energy  of  the  current  is  spent  in  this  process, 
and  we  shall  get  so  much  less  heat  from  it  in  conse- 
quence.^  Suppose,  for  instance,  that  by  oxidizing  so 
much  zinc  in  the  battery  we  get,  under  ordinary  circmn- 
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stalnces,  100  units  of  heat.  Let  us,  however,  set  th© 
Lattery  to  decompose  water,  and  we  shall  probably  find 
that  by  oxidizing  the  same  amount  of  zinc  we  get  now 
only  80  units  of  heat.  Clearly,  then,  the  deficiency  or 
20  units  have  gone  to  decompose  the  water.  Now,  if  we 
explode  the  mixed  gases  which  are  the  result  of  the 
decomposition,  we  shall  get  back  these  20  units  of 
heat  precisely,  and  neither  more  nor  less ;  and  thus  we 
see  that  amid  all  such  changes  the  quantity  of  energy 
remains  the  same. 

Radiant  Enbrgy. 

178.  This  form  of  energy  is  converted  into  absorhed 
heat  whenever  it  falls  upon  an  opaque  substance — some  of 
it,  however,  is  generally  conveyed  away  by  reflexion,  but 
the  remainder  is  absorbed  by  the  body,  and  consequently 
heats  it. 

It  is  a  curious  question  to  ask  what  becomes  of  the 
radiant  light  from  the  sun  that  is  not  absorbed  either  by 
the  planets  of  our  system,  or  by  any  of  the  stars.  We 
can  only  reply  to  such  a  question,  that  as  far  as  we  can 
judge  from  our  'present  knowledge,  the  radiant  energj'- 
that  is  not  absorbed  must  be  conceived  to  be  traversing 
space  at  the  rate  of  188,000  miles  a  second. 

179.  There  is  only  one  more  transmutation  of  radiant 
energy  that  we  know  of,  and  that  is  when  it  promotes 
chemical  separation.  Thus,  certain  rays  of  the  sun  are 
known  to  have  the  power  of  decomposing  chloride  of 
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silver,  and  other  chemical  compounds.  Now,  in  all  such 
cases  there  is  a  transmutation  of  radiant  energy  into 
that  of  chemical  separation.  The  sun's  rays,  too,  decom- 
pose carbonic  acid  in  the  leaves  of  plants,  the  carbon, 
going  to  form  the  woody  fibre  of  the  plant,  while  the 
oxygen  is  set  free  into  the  air;  and  of  course  a  certain 
proportion  of  the  energy  of  the  solar  rays  is  consumed 
in  promoting  this  change,  and  we  have  so  much  less 
heating  effect  in  consequence. 

But  all  the  solar  rays  have  not  this  power — for  the 
property  of  promoting  chemical  change  is  confined  to  the 
blue  and  violet  rays,  and  some  others  which  are  not 
visible  to  the  eye.  Now,  these  rays  are  entirely  absent 
from  the  radiation  of  bodies  at  a  comparatively  low 
temperature,  such  as  an  ordiuary  red  heat,  so  that  a 
photographer  would  find  it  impossible  to  obtain  the 
picture  of  a  red-hot  body,  whose  only  light  was  in  itseE 

ISO.  The  actinic,  or  chemically  active,  rays  of  the  sun 
decompose  carbonic  acid  in  the  leaves  of  plants,  and  they 
disappear  in  consequence,  or  are  absorbed  ;  this  may, 
therefore,  be  the  reason  why  very  few  such  rays  are  either 
reflected  or  transmitted  from  a  sun-ht  leaf,  in  conse- 
quence of  which  the  photographer  finds  it  difficult  to 
obtain  an  image  of  such  a  leaf;  in  other  words,  the  rays 
which  would  have  produced  a  chemical  change  on  hi? 
photographic  plate  have  all  been  used  up  by  the  leaf  for 
pccuKar  purposes  of  its  own. 

181.  And  here  it  is  important  to  bear  in  mind  that 
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while  animals  in  the  act  of  breathing  consume  the 
oxygen  of  the  air,  turning  it  into  carbonic  acid,  plants, 
on  the  other  hand,  restore  the  oxj'^gen  to  the  air ;  thus 
the  two  kingdoms,  the  animal  and  the  vegetable,  work 
into  each  other's  hands,  and  the  purity  of  the  atmosphere 
is  kept  up. 


(   131  ) 


CHAPTER  V. 

HISTORICAL  SKETCH:    THE  DISSIPATION  OF 
ENERCT. 

182.  In  the  last  chapter  we  have  endeavoured  to  ex- 
liibit  the  various  transmutations  of  energy,  and,  while 
doing  so,  to  bring  forward  evidence  in  favour  of  the 
theory  of  conservation,  showing  that  it  enables  us  to 
couple  together  known  laws,  and  also  to  discover  new 
ones — showing,  in  fine,  that  it  bears  about  with  it  all  the 
marks  of  a  true  hypothesis. 

It  may  now,  perhaps,  be  instractive  to  look  back  and 
endeavour  to  trace  the  progress  of  this  great  conception, 
from  its  first  beginning  among  the  ancients,  up  to  its 
triumphant  estabhshment  by  the  labours  of  Joule  and 
his  fellow- workers. 

183.  Mathematicians  inform  us  that  if  matter  consists 
of  atoms  or  small  parts,  which  are  actuated  by  forces 
depending  only  upon  the  distances  between  these  parts, 
and  not  upon  the  velocity,  then  it  may  be  demonstrated 
that  the  law  of  conservation  of  energy  will  hold  good. 
Thus  we  see  that  conceptions  regarding  atoms  and  their 
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forces  are  allied  to  conceptions  regarding  energy.  A 
medium  of  some  sort  pervading  space  seems  also  neces- 
sary to  our  theory.  In  fine,  a  universe  composed  of 
atoms,  •with  some  sort  of  medium  between  them,  is  to 
be  regarded  as  the  machine,  and  the  laws  of  energy  as 
the  laws  of  working  of  this  machine.  It  may  be  that 
a  theory  of  atoms  of  this  sort,  with  a  medium  between 
them,  is  not  after  all  the  simplest,  but  we  are  proba- 
bly not  yet  prepared  for  any  more  general  hypothesis. 
Now,  we  have  only  to  look  to  om'  own  solar  system,  in 
order  to  see  on  a  large  scale  an  illustration  of  tins  concep- 
tion, for  there  we  have  the  various  heavenly  bodies  attract- 
ing one  another,  with  forces  depending  only  on  the  dis- 
tances between  them,  and  independent  of  the  velocities ; 
and  we  have  likewise  a  medium  of  some  sort,  in  virtue  of 
which  radiant  energy  is  conveyed  from  the  sun  to  the  eai-th. 
Perhaps  we  shall  not  greatly  err  if  we  regard  a  molecule 
as  representing  on  a  small  scale  something  analogous  to 
the  solar  system,  while  the  various  atoms  which  con- 
stitute the  molecule  may  be  likened  to  the  various  bodies 
of  the  solar  system.  The  short  Mstorical  sketch  which 
we  are  about  to  give  will  embrace,  therefore,  along  with 
energy,  the  progress  of  thought  and  speculation  with 
respect  to  atoms  and  also  with  respect  to  a  medium,  in- 
asmuch as  these  subjects  are  intunately  connected  with 
the  doctrines  of  energy. 
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Heraclitus  on  Energy. 

184.  Heraclitus,  who  flourislied  at  Ephesus,  B.C.  500, 
declai-ed  that  fire  was  tlie  great  cause,  and  that  all  things 
Avere  in  a  perpetual  flux  Such  an  expression  wiU  no 
douht  be  regarded  as  very  vague  in  these  days  of  pre- 
cise physical  statements;  and  yet  it  seems  clear  that 
Heraclitus  must  have  had  a  vivid  conception  of  tlie 
innate  restlessness  and  energy  of  the  universe,  a  concep- 
tion allied  in  character  to,  and  only  less  precise  than  that 
of  modern  philosophers,  who  regard  matter  as  essentially 
dynamical. 

JDemocritus  on  Atoms. 

185.  Democritus,  who  was  born  470  B.C.,  was  the 
originator  of  the  doctrine  of  atoms,  a  doctrine  which  in 
the  hands  of  John  Dalton  has  enabled  the  human  mind 
to  lay  hold  of  the  laws  which  regulate  chemical  changes, 
as  weU  as  to  picture  to  itself  what  is  there  taking  place. 
Perhaps  there  is  no  doctrine  that  has  nowadays  a  more 
intimate  connection  with  the  industries  of  life  than  this 
of  atoms,  and  it  is  probable  that  no  intelligent  director  of 
chemical  industry  among  civHized  nations  fails  to  picture 
to  his  own  mind,  by  means  of  this  doctrine,  the  inner 
nature  of  the  changes  which  he  sees  with  his  eyes.  Now, 
it  is  a  curious  circumstance  that  Bacon  should  have 
lighted  upon  this  very  doctrine  of  atoms,  in  order  to 
point  one  of  his  philosophical  morals. 
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"Nor  is  it  less  an  evil"  (sayste),  "thatintlieirpliilosopliies 
and  contemplations  men  spend  their  labonr  in  investigating 
and  treating  of  the  first  principles  of  things,  and  the  extreme 
limits  of  natui'e,  when  all  that  is  useful  and  of  avail  in 
operation  is  to  be  found  in  what  is  intermediate.  Hence  it 
happens  that  men  continue  to  abstract  Nature  till  they  arrive 
at  potential  and  unformed  matter ;  and  again  they  continue 
to  divide  Nature,  until  they  have  arrived  at  the  atom ;  things 
which,  even  if  true,  can  be  of  little  use  in  helping  on  the 
fortunes  of  men." 

Surely  we  ouglit  to  learn  a  lesson  from  these  remarks 
of  the  great  Father  of  experimental  science,  and  be  very- 
cautious  before  we  dismiss  any  branch  of  knowledge  or 
train  of  thought  as  essentially  xmprofitable. 

Aristotle  on  a  Medium. 

186.  As  regards  the  existence  of  a  medium,  it  is  re- 
marked by  Whewell  that  the  ancients  also  caught  a  glimpse 
of  the  idea  of  a  medium,  by  which  the  qualities  of  bodies, 
as  colours  and  sounds  are  perceived,  and  he  quotes  the 
following  from  Aristotle  : — 

"  In  a  void  there  coiJd  be  no  difference  of  up  and  down ; 
for,  as  in  nothing  there  are  no  differences,  so  there  are  none 
in  a  privation  or  negation." 

Upon  this  the  historian  of  science  remarks,  "It  is 
easily  seen  that  such  a  mode  of  reasoning  elevates 
the  familiar  forms  of  language,  and  the  intellectual  con- 
nexions of  terms,  to  a  supremacy  over  facts." 

Nevertheless,  may  it  not  be  replied  that  our  coi:ccptions 
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of  matter  are  deduced  from  the  familiar  experience,  that 
cei-tain  portions  of  space  affect  us  in  a  certain  manner ; 
and,  consequently,  are  we  not  entitled  to  say  there  must 
be  something  where  we  experience  the  difference  of  up 
or  down?  Is  there,  after  all,  a  very  great  difference 
between  this  argument  and  that  of  modern  physicists  in 
favour  of  a  plenum,  who  tell  us  that  matter  cannot  act 
where  it  is  not  ? 

Aristotle  seems  also  to  have  entertained  the  idea  that 
light  is  not  any  body,  or  the  emanation  of  any  body  (for 
that,  he  says,  would  be  a  kind  of  body),  and  that  there- 
fore light  is  an  energy  or  act. 

The  Ideas  of  the  Ancients  were  not  Prolific 

187.  These  quotations  render  it  evident  that  the 
ancients  had,  in  some  way,  gxasped  the  idea  of  the 
essential  unrest  and  energy  of  things.  They  had  also  the 
idea  of  small  particles  or  atoms,  and,  finally,  of  a  medium 
of  some  sort.  And  yet  these  ideas  were  not  prolific — 
they  gave  rise  to  nothing  new. 

Now,  while  the  historian  of  science  is  unquestionably 
right  in  his  criticism  of  the  ancients,  that  their  ideas 
were  not  distinct  and  appropriate  to  the  facts,  yet  we 
have  seen  that  they  were  not  wholly  ignorant  of  the 
most  profound  and  deeply-seated  principles  of  the  mate- 
rial universe.  In  the  great  hymn  chanted  by  Nature,  the 
fundamental  notes  were  early  heard,  but  yet  it  required 
long  centuries  of  patient  waiting  for  the  practised  ear  of 
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the  skilled  musician  to  appreciate  the  mighty  harmony 
aright.  Or,  perhaps,  the  attempts  of  the  ancients  were 
as  the  sketches  of  a  child  who  just  contrives  to  ex- 
hibit, in  a  rude  way,  the  leading  outlines  of  a  building ; 
while  the  conceptions  of  the  practised  physicist  are  more 
allied  to  those  of  the  architect,  or,  at  least,  of  one  who 
has  realized,  to  some  extent,  the  architect's  views. 

188.  The  ancients  possessed  great  genius  and  intellectual 
power,  but  they  were  deficient  in  physical  conceptions, 
and,  in  consequence,  their  ideas  were  not  prolific.  It 
cannot  indeed  be  said  that  we  of  the  present  age  are 
deficient  in  such  conceptions  ;  nevertheless,  it  may  be 
questioned  whether  ther^  is  not  a  tendency  to  rush  into 
the  opposite  extreme,  and  to  work  physical  conceptions  to 
an  excess.  Let  us  be  cautious  that  in  avoiding  Scylla,  we 
do  not  rush  into  Charybdis.  For  the  universe  has  more 
than  one  point  of  view,  and  there  are  possibly  regions 
which  will  not  yield  their  treasures  to  the  most  deter- 
mined physicists,  armed  only  with  kilogrammes  and 
metres  and  standard  clocks. 

Descartes,  NevAon,  and  Huyghens  on  a  Medium. 

189.  In  modern  times  Descartes,  author  of  the  vortical 
hypothesis,  necessarily  presupposed  the  existence  of  a 
medium  in  inter-planetary  spaces,  but  on  the  other  hand 
he  was  one  of  the  originators  of  that  idea  which  regards 
light  as  a  series  of  particles  shot  out  from  a  luminous 
body.      Newton  likewise  conceived  the  existence  of  a 
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medium,  although  he  became  an  advocate  of  the  theory  of 
emission.  It  is  to  Huyghens  that  the  credit  belongs  of 
having  first  conceived  the  undulatory  theory  of  light 
Avith  sufficient  distinctness  to  account  for  double  refrac- 
tion. After  liim,  Yoimg,  Fresnel,  and  their  followers, 
have  greatly  developed  the  theory,  enabling  it  to  account 
for  the  most  complicated  and  "wonderful  phenomena. 

Bacon  on  Heat. 

190.  With  regard  to  the  nature  of  heat,  Bacon,  -what- 
ever may  be  thought  of  his  arguments,  seems  clearly  to 
have  recognized  it  as  a  species  of  motion.  He  says, 
"  From  these  instances,  viewed  together  and  individually, 
the  nature  of  which  heat  is  the  limitation  seems  to  be 
motion;"  and  again  he  says,  "But  when  we  say  of 
motion  that  it  stands  in  the  place  of  a  genus  to  heat,  we 
mean  to  convey,  not  that  heat  generates  motion  or  motion 
heat  (although  even  both  may  be  true  in  some  cases),  but 
that  essential  heat  is  motion  and  nothing  else." 

Nevertheless  it  required  nearly  three  centimes  before 
the  true  theory  of  heat  was  sufficiently  rooted  to  develop 
into  a  productive  hypothesis. 

Principle  of  Virtual  Velocities. 

191.  In  a  previous  chapter  we  have  already  detailed 
the  labours  in  respect  of  heat  of  Davy,  Rumford,  and 
Joule.  ^  GaUleo  and  Newton,  if  they  did  not  grasp  the 
dynamical  nature  of  heat,  had  yet  a  clear  conception  of 
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the  functions  of  a  macliine.  The  former  saw  that  what 
we  gain  in  power  we  lose  in  space ;  while  the  latter  went 
further,  and  saw  that  a  machine,  if  left  to  itself,  is  strictly 
limited  in  the  amount  of  work  which  it  can  accomplish, 
although  its  energy  may  vary  from  that  of  motion  to 
that  of  position,  and  back  again,  according  to  the 
geometric  laws  of  the  macliine. 

Bise  of  true  Conceptions  regarding  Work 

192.  There  can,  we  think,  be  no  question  that  the  great 
development  of  industrial  operations  in  the  present  age 
has  indirectly  furthered  our  conceptions  regarding  work. 
Humanity  invariably  strives  to  escape  as  much  as 
possible  from  hard  work.  In  the  days  of  old  those 
who  had  the  power  got  slaves  to  work  for  them ; 
but  even  then  the  master  had  to  give  some  kind  of 
equivalent  for  the  work  done.  For  at  the  very  lowest  a 
slave  is  a  machine,  and  must  be  fed,  and  is  moreover  apt 
to  prove  a  very  troublesome  machine  if  not  properly 
dealt  with.  The  gTeat  improvements  in  the  steam 
engine,  introduced  by  Watt,  have  done  as  much,  perhaps, 
as  the  abolition  of  slavery  to  benefit  the  working  man. 
The  hard  work  of  the  world  has  been  put  upon  iron 
shoulders,  that  do  not  smart;  and,  in  consequence,  we  have 
had  an  immense  extension  of  industry,  and  a  great 
amelioration  in  the  position  of  the  lower  classes  of  man- 
kind. But  if  we  have  transferred  our  hard  work  to 
machines,  it  is  necessary  to  know  how  to  question  a 
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macliine — liow  to  say  to  it,  At  what  rate  can  you 
labour  ?  how  much  work  can  you  turn  out  in  a  clay  ? 
It  is  necessary,  in  fact,  to  have  the  clearest  possible  idea 
of  what  work  :s. 

Our  readers  will  see  from  all  this  that  men  are  not 
likely  to  err  in  their  method  of  measuring  work.  The 
principles  of  measuremeni.  have  been  stamped  as  it  were 
with  a  brand  into  the  very  heart  and  brain  of  humanity. 
To  the  employer  of  machinery  or  of  human  labour,  a 
false  method  of  measuring  work  simpiy  means  ruin ;  he 
is  Ukely,  therefore,  to  take  the  greatest  possible  pains  to 
arrive  at  accuracy  in  liis  determination. 

Perpetual  Motion. 

193.  Now,  amid  the  crowd  of  workers  smarting  from 
the  curse  of  laboiu',  there  rises  up  every  now  and  then 
an  enthusiast,  who  seeks  to  escape  by  means  of  an  artifice 
from  this  insupportable  tyranny  of  work.  Why  not 
construct  a  machine  that  will  go  on  giving  you  work 
without  limit  without  the  necessity  of  being  fed  in  any 
way.  Nature  must  have  some  weak  point  in  her  armour ; 
there  must  surely  be  some  way  of  getting  round  her ;  she 
is  only  tyrannous  on  the  surface,  and  in  order  to  stimulate 
our  ingenuity,  but  will  yield  with  pleasure  to  the  per- 
sistence of  genius. 

Now,  what  can  the  man  of  science  say  to  such  an 
enthusiast  ?  He  cannot  tell  him  that  he  is  intimately 
acc[uainted  with  all  the  forces  of  Nature,  and  can  prove 
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that  perpetual  motion  is  impossible;  for,  in  truth,  he 
knows  very  little  of  these  forces.  But  he  does  think 
that  he  has  entered  into  the  spirit  and  design  of  Natui-e, 
and  therefore  he  denies  at  once  the  possibility  of  such 
a  machine.  But  he  denies  it  intelligently,  and  works 
out  this  denial  of  his  into  a  theory  which  enables  him 
to  discover  numerous  and  valuable  relations  between  the 
properties  of  matter — produces,  in  fact,  the  laws  of  energy 
and  the  great  principle  of  conservation. 

Theory  of  Conservation. 

194.  We  have  thus  endeavoured  to  give  a  short  sketch 
of  the  history  of  energy,  including  its  allied  problems,  up 
to  the  dawn  of  the  strictly  scientific  period.  We  have 
seen  that  the  unfruitfulness  of  the  earlier  views  was  due 
to  a  want  of  scientific  clearness  in  the  conceptions  enter- 
tained, and  we  have  now  to  say  a  few  words  regarding 
the  theory  of  conservation. 

Here  also  the  way  was  pointed  out  by  two  philoso- 
phers, namely.  Grove  in  this  country,  and  Mayer  on 
the  continent,  who  showed  certain  relations  between 
the  various  forms  of  energy;  the  name  of  S(^guin 
ouo-ht  likewise  to  be  mentioned.  Nevertheless,  to 
Joule  belongs  the  honour  of  establishing  the  theory  on 
an  incontrovertible  basis  :  for,  indeed,  this  is  pre- 
eminently a  case  where  speculation  has  to  be  tested  by 
unimpeachable  experimental  evidence.  Here  the  magni- 
tude of  the  principle  is  so  vast,  and  its  importance  is  so 
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great,  that  it  requires  the  strong  fire  of  genius,  joined  to 
the  patient  labours  of  the  scientific  experimentalist,  to 
forge  the  rough  ore  into  a  good  weapon  that  will  cleave 
its  way  through  all  obstacles  into  the  very  citadel  of 
Nature,  and  into  her  most  secret  recesses. 

Following  closely  upon  the  labours  of  Joule,  we  have 
those  of  William  and  James  Thomson,  Helmholtz,  Ran- 
kine,  Clausius,  Tait,  Andrews,  Maxwell,  who,  along 
Avith  many  others,  have  advanced  the  subject ;  and  while 
Joule  gave  his  chief  attention  to  the  laws  which  regu- 
late the  transmutation  of  mechanical  energy  into  heat, 
Thomson,  Rankine,  and  Clausius  gave  theirs  to  the  con- 
verse problem,  or  that  which  relates  to  the  transmutation 
of  heat  into  mechanical  energy.  Thomson,  especially, 
has  pushed  forward  so  resolutely  from  this  point  of  view 
that  he  has  succeeded  in  grasping  a  principle  scarcely 
inferior  in  importance  to  that  of  the  conservation  of 
energy  itself,  and  of  this  principle  it  behoves  us  now  to 
speak. 

Dissipation  of  Energy. 
195.  Joule,  we  have  said,  proved  the  law  according 
to  which  work  may  be  changed  into  heat ;  and  Thomson 
and  others,  that  according  to  which  heat  may  be  changed 
into  work.  Now,  it  occurred  to  Thomson  that  there  was 
a  very  important  and  significant  difference  between  these 
two  laws,  consisting  in  the  fact  that,  while  you  can  with 
the  greatest  ease  transfonn  work  into  heat,  you  can  by 
no  method  in  your  power  transform  all  the  heat  back 
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again  into  work.  In  fact,  the  process  is  not  a  reversible 
one ;  and  the  consequence  is  that  the  mechanical  energy 
of  the  universe  is  becoming  every  day  more  and  more 
changed  into  heat. 

It  is  easily  seen  that  if  the  process  were  reversible, 
one  form  of  a  perpetual  motion  would  not  be  impossi- 
ble. For,  without  attempting  to  create  energy  by  a 
machine,  all  that  would  be  needed  for  a  perpetual  motion 
would  be  the  means  of  utilizing  the  vast  stores  of  heat 
that  lie  in  all  the  substances  around  us,  and  converting 
them  into  work.  The  work  would  no  doubt,  by  means 
of  friction  and  otherwise,  be  ultimately  reconverted  into 
heat ;  but  if  the  process  be  reversible,  the  heat  could 
asain  be  converted  into  work,  and  so  on  for  ever.  But 
the  irrevei-sibility  of  the  process  puts  a  stop  to  all  this. 
In  fact,  I  may  convince  myself  by  rubbing  a  metal 
button  on  a  piece  of  wood  how  easily  work  can  be 
converted  into  heat,  while  the  mind  completely  fails  to 
suggest  any  method  by  which  this  heat  can  be  recon- 
verted into  work. 

Now,  if  this  process  goes  on,  and  always  in  one 
direction,  there  can  be  no  doubt  about  the  issue.  The 
mechanical  energy  of  the  universe  wiU  be  more  and 
more  transformed  into  universally  diffused  heat,  imtil  the 
universe  will  no  longer  be  a  fit  abode  for  living  beings. 

The  conclusion  is  a  startling  one,  and,  in  order  to 
bring  it  more  vividly  before  our  readers,  let  us  now  pro- 
ceed to  acquaint  ourselves  with  the  various  forms  of  use- 
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ful  energy  that  are  at  present  at  our  disposal,  and  at  the 
same  time  endeavour  to  trace  the  ultimate  sources  of 
these  supplies. 

Natural  Energies  and  their  Sources. 

196.  Of  energy  in  repose  we  have  the  following 
varieties  : — (I.)  The  energy  of  fuel.  (2.)  That  of  food. 
(3.)  That  of  a  head  of  water.  (4.)  That  which  may  be 
derived  from  the  tides.  (5.)  The  energy  of  chemical 
separation  implied  in  native  sulphur,  native  iron,  &c. 

Then,  with  regard  to  energy  in  action,  we  have  mainly 
the  following  varieties  : — 

(1.)  The  energy  of  air  in  motion.  (2.)  That  of  water 
in  motion. 

Fuel. 

197.  Let  us  begin  first  with  the  energy  implied  in  fuel. 
We  can,  of  course,  burn  fuel,  or  cause  it  to  combine  with 
the  oxygen  of  the  air ;  and  we  are  thereby  provided  with 
large  quantities  of  heat  of  high  temperature,  by  means  of 
which  we  may  not  only  warm  ourselves  and  cook  our 
food,  but  also  drive  our  heat-engines,  using  it,  in  fact,  as 
a  source  of  mechanical  power. 

Fuel  is  of  two  varieties — wood  and  coal.  Now,  if  we 
consider  the  origin  of  these  we  shall  see  that  they  are 
produced  by  the  sun's  rays.  Certain  of  these  rays, 
as  we  have  abeady  remarked  (Art.  180),  decompose 
carbonic  acid  in  the  leaves  of  plants,  setting  free  the 
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oxygen,  while  the  carbon  is  used  for  the  structure  or 
wood  of  the  plant.  Now,  the  energy  of  these  raj^s  is 
spent  in  this  process,  and,  indeed,  there  is  not  enough 
of  such  energy  left  to  produce  a  good  photographic  im- 
pression of  the  leaf  of  a  plant,  because  it  is  all  spent  in 
making  wood. 

We  thus  see  that  the  energy  implied  in  wood  is 
derived  from  the  sun's  rays,  and  the  same  remark  applies 
to  coal.  Indeed,  the  only  difference  between  wood  and 
coal  is  one  of  age :  wood  being  recently  turned  out  from 
Nature's  laboratory,  while  thousands  of  years  have  elapsed 
since  coal  formed  the  leaves  of  living  plants. 

198.  We  are,  therefore,  perfectly  justified  in  saying  that 
the  energy  of  fuel  is  derived  from  the  sun's  rays ;  *  coal 
being  the  store  which  Nature  has  laid  up  as  a  species  of 
capital  for  us,  while  wood  is  our  precarious  yearly  income. 

We  are  thus  at  present  very  much  in  the  position 
of  a  young  heir,  who  has  only  recently  come  into  his 
estate,  and  who,  not  content  with  the  income,  is  rapidly 
squandering  his  realized  property.  This  subject  has  been 
forcibly  brought  before  us  by  Professor  Jevons,  who 
has  remarked  that  not  only  are  we  spending  our 
capital,  but  we  are  spending  the  most  available  and 
valuable  part  of  it.  For  we  are  now  using  the  surface 
coal ;  but  a  time  will  come  when  this  will  be  exliausted, 
and  we  shall  be  compelled  to  go  deep  down  for  our 

•  This  fact  seems  to  have  been  kno-mi  at  a  comparatively  early  period 
to  Herschel  and  the  elder  Stephenson. 
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supplies.  Now,  regarded  as  a  source  of  energy,  such 
supplies,  if  far  down,  wiU.  be  less  effective,  for  we  have 
to  deduct  the  amount  of  energy  requisite  in  order  to 
bring  them  to  the  surface.  The  result  is  that  we  must 
contemplate  a  time,  however  far  distant,  when  our  sup- 
plies of  coal  will  be  exhausted,  and  we  shall  be  com- 
pelled to  resort  to  other  sources  of  energy. 

Food. 

199.  The  energy  of  food  is  analogous  to  that  of  fuel, 
and  serves  similar  purposes.  For  just  as  fuel  may  be 
used  either  for  producing  heat  or  for  doing  work,  so  food 
has  a  twofold  office  to  perform.  In  the  first  place,  by  its 
gradual  oxidation,  it  keeps  up  the  temperature  of  the 
body;  and  in  the  next  place  it  is  used  as  a  source  of 
energy,  on  which  to  draw  for  the  performance  of  work. 
Thus  a  man  or  a  horse  that  works  a  great  deal  requires 
to  eat  more  food  than  if  he  does  not  work  at  aE  Thus, 
also,  a  prisoner  condemned  to  hard  labour  requires  a 
better  diet  than  one  who  does  not  work,  and  a  soldier 
during  the  fatigues  of  war  finds  it  necessary  to  eat  more 
than  during  a  time  of  peace. 

Our  food  may  be  either  of  animal  or  vegetable  origin — 
if  it  be  the  latter,  it  is  immediately  derived,  like  fuel, 
from  the  energy  of  the  sun's  rays ;  but  if  it  be  the  former, 
the  only  difference  is  that  it  has  passed  through  the  body 
of  an  animal  before  coming  to  us :  the  animal  has  eaten 
grass,  and  we  have  eaten  the  animal. 

L 
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In  fact,  we  make  use  of  the  animal  not  only  as  a 
variety  of  nutritious  food,  but  also  to  enable  us  indirectly 
to  utilize  those  vegetable  products,  such  as  grasses,  which 
we  could  not  make  use  of  directly  with  our  present 
digestive  organs. 

Head  of  Water. 

200.  The  energy  of  a  head  of  water,  like  that  of  fuel 
and  food,  is  brought  about  by  the  sun's  rays.  For  the 
sun  vaporizes  the  water,  which,  condensed  again  in  up- 
land districts,  becomes  available  as  a  head  of  water. 

There  is,  however,  the  difference  that  fuel  and  food  are 
due  to  the  actinic  power  of  the  sun's  rays,  while  the 
evaporation  and  condensation  of  water  are  caused  rather 
by  their  heating  effect. 

Tidal  Energy. 

201.  The  energy  derived  from  the  tides  has,  however, 
a  different  origin.  In  Art.  133  we  have  endeavoured  to 
show  how  the  moon  acts  upon  the  fluid  portions  of 
our  globe,  the  result  of  this  action  being  a  very  gradual 
stoppage  of  the  energy  of  rotation  of  the  eartL 

It  is,  therefore,  to  this  motion  of  rotation  that  we 
must  look  as  the  origin  of 'any  available  energy  derived 
from  tidal  mills. 
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Wative  Sulphur,  &c. 

202.  The  last  variety  of  available  energy  of  position 
in  our  list  is  tliat  implied,  in  native  sulphur,  native  iron, 
&e.  It  has  been  remarked  by  Professor  Tait,  to  "whom 
this  method  of  reviewing  our  forces  is  due,  that  this  may 
be  the  primeval  form  of  energy,  and  that  the  interior  of 
the  earth  may,  as  far  as  we  know,  be  wholly  composed  of 
matter  in  its  uncombiued  form.  As  a  source  of  available 
energy  it  is,  however,  of  no  practical  importance. 

Air  and  Water  in  Motion. 

203.  We  proceed  next  to  those  varieties  of  available 
energy  which  represent  motion,  the  chief  of  which  are 
air  in  motion  and  water  in  motion.  It  is  owing  to  the 
former  that  the  mariner  spreads  his  sail,  and  carries  his 
vessel  from  one  part  of  the  earth's  surface  to  another, 
and  it  is  Hkewise  owing  to  the  same  iufluence  that  the 
^vindmill  grinds  our  corn.  Again,  water  in  motion  is 
used  perhaps  even  more  frequently  than  air  in  motion  as 
a  source  of  motive  power. 

Both  these  varieties  of  energy  are  due  without  doubt 
to  the  heating  effect  of  the  sun's  rays.  We  may,  there- 
fore, affirm  that  with  the  exception  of  the  totally  insig- 
nificant supply  of  native  sulphur,  &c.,  and  the  small 
number  of  tidal  mills  which  may  be  in  operation,  all 
our  available  energy  is  due  to  the  sun. 
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The  Sun — a  Source  of  High  Temperature  Heat 
204.  Let  us,  therefore,  now  for  a  moment  direct  our 
attention  to  that  most  wonderful  source  of  energy,  the 
Sun. 

We  have  here  a  vast  reservoir  of  high  temperature 
heat ;  now,  this  is  a  kind  of  superior  energy  which  has 
always  been  in  much  request.  Numberless  attempts 
have  been  made  to  construct  a  perpetual  light,  just  as 
similar  attempts  have  been  made  to  construct  a  perpetual 
motion,  with  this  difference,  that  a  perpetual  light  was 
supposed  to  result  from  magical  powers,  while  a  perpetual 
motion  was  attributed  to  mechanical  sMU. 

Sir  Walter  Scott  alludes  to  this  belief  ia  his  de- 
scription of  the  grave  of  Michael  Scott,  which  is  made 
to  contain  a  perpetual  hght.  Thus  the  Monk  who  buried 
the  wizard  tells  William  of  Deloraine — 

"  Lo,  Warrior  !  now  the  Cross  of  Red 
Points  to  the  Grave  of  the  mighty  dead; 
Within  it  hums  a  wondrous  light, 
To  chase  the  spirits  that  love  the  night. 
That  lamp  shall  bum  unquenchably 
Until  the  eternal  doom  shall  be." 

And  again,  when  the  tomb  was  opened,  we  read — 

«  I  would  you  had  been  there  to  see 
How  the  light  broke  forth  so  gloriously, 
Stream'd  upward  to  the  chancel  roof, 
And  through  the  galleries  far  aloof ! 
No  earthly  flame  blazed  e'er  so  bright." 
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No  earthly  flame — there  the  poet  was  right — certainly 
not  of  this  earth,  where  light  and  all  other  forms  of 
superior  energy  are  essentially  evanescent. 

A  Perpetual  Light  Impossible. 

205.  In  truth,  our  readers  will  at  once  perceive  that 
a  perpetual  light  is  only  another  name  for  a  perpetual 
motion,  because  we  can  always  derive  visible  energy  out 
of  high  temperature  heat — ^indeed,  we  do  so  every  day 
in  our  steam  engines. 

When,  therefore,  we  bum  coal,  and  cause  it  to  combine 
with  the  oxygen  of  the  air,  we  derive  from  the  process  a 
large  amount  of  high  temperature  heat.  But  is  it  not 
possible,  our  readers  may  ask,  to  take  the  carbonic  acid 
which  results  from  the  combustion,  and  by  means  of  low 
temperature  heat,  of  which  we  have  always  abundance  at 
our  disposal,  change  it  back  again  into  carbon  and  oxygen  ? 
All  this  would  be  possible  if  what  may  be  termed  the 
temperature  of  disassociation  —  that  is  to  say,  the 
temperature  at  which  carbonic  acid  separates  into  its 
constituents— were  a  low  temperature,  and  it  would  also 
be  possible  if  rays  from  a  source  of  low  temperatui-e  pos- 
sessed sufficient  actinic  power  to  decompose  carbonic  acid. 

But  neither  of  these  is  the  case.  Nature  will  not  be 
caught  in  a  trap  of  this  kind.  As  if  for  the  very  pur- 
pose of  stopping  all  such  speculations,  the  temperatures 
of  disassociation  for  such  substances  as  carbonic  acid  are 
very  high,  and  the  actinic  rays  capable  of  causing  their 
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decomposition  belong  only  to  sources  of  exceedingly  high 
temperature,  such  as  the  sun.* 

Is  the  Sun  an  Exception? 

206.  We  may,  therefore,  take  it  for  granted  that  a  per- 
petual light,  like  a  perpetual  motion,  is  an  impossibility ; 
and  we  have  then  to  inquire  if  the  same  argument 
applies  to  our  sun,  or  if  an  exception  is  to  be  made  in 
his  favour.  Does  the  sun  stand  upon  a  footing  of  his 
own,  or  is  it  merely  a  question  of  time  with  him,  as  with 
all  other  instances  of  high  temperature  heat  ?  Before 
attempting  to  answer  this  question  let  us  inquire  into  the 
probable  origin  of  the  sun's  heat. 

Origin  of  the  Sun's  Heat 

207.  Now,  some  might  be  disposed  to  cut  the  Gordian 
knot  of  such  an  inquiry  by  asserting  that  our  huninary 
was  at  first  created  hot ;  yet  the  scientific  mind  finds 
itself  disinclined  to  repose  upon  such  an  assertion.  We 
pick  up  a  roimd  pebble  from  the  beach,  and  at  once 
acknowledge  there  has  been  some  physical  cause  for  the 
shape  into  which  it  has  been  wora  And  so  with  regard 
to  the  heat  of  the  sun,  we  must  ask  ourselves  if  there 
be  not  some  cause  not  wholly  imaginary,  but  one  which 
we  know,  or  at  least  suspect,  to  be  perhaps  still  in  opera- 
tion, which  can  account  for  the  heat  of  the  sun. 

Now,  here  it  is  more  easy  to  show  what  cannot 

*  This  remark  is  due  to  Sir  William  Thomson. 
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account  for  the  sun's  heat  than  what  can  do  so.  We 
may,  for  instance,  be  perfectly  certain  that  it  cannot 
have  been  caused  by  chemical  action.  The  most  probable 
theory  is  that  wliich  was  first  worked  out  by  Helmholtz 
and  Thomson ;  *  and  which  attributes  the  heat  of  the 
sun  to  the  primeval  energy  of  position  possessed  by  its 
particles.  In  other  words,  it  is  supposed  that  these  parti- 
cles originally  existed  at  a  great  distance  from  each  other, 
and  that,  being  endowed  with  the  force  of  gravitation,  they 
have  since  gradually  come  together,  while  in  this  process 
heat  has  been  generated  just  as  it  would  be  if  a  stone  were 
dropped  from  the  top  of  a  cliff  towards  the  earth. 

208.  Nor  is  this  case  wholly  imaginary,  but  we  have 
some  reason  for  thinking  that  it  may  stiU  be  in  operation 
in  the  case  of  certain  nebulse  which,  both  in  their  consti- 
tution as  revealed  by  the  spectroscope,  and  in  "their 
general  appearance,  impress  the  beholder  with  the  idea 
that  they  are  not  yet  fully  condensed  into  their  ultimate 
shape  and  size. 

If  we  aUow  that  by  this  means  our  luminary  has 
obtained  his  wonderful  store  of  high-class  energy,  we 
have  yet  to  inquire  to  what  extent  this  operation  is 
going  on  at  the  present  moment.  Is  it  only  a  thing 
of  the  past,  or  is  it  a  thing  also  of  the  present  ?  I 
think  we  may  reply  that  the  sun  cannot  be  condensing 
very  fast,  at  least,  within  historical  times.    For  if  the 

*  Mayer  and  Waterston  seem  first  to  have  caught  the  mdiments  of 
this  idea.  . 
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eun  were  sensibly  larger  than  at  present  his  total  eclipse 
by  the  moon  would  be  impossible.  Now,  such  eclipses 
have  taken  place,  at  any  rate,  for  several  thousands  of  years. 
Doubtless  a  small  army  of  meteors  may  be  falling  into 
our  luminary,  which  would  by  this  fall  tend  to  augment 
his  heat ;  yet  the  supply  derived  from  this  source  must 
surely  be  insignificant.  But  if  the  sun  be  not  at  present 
condensing  so  fast  as  to  derive  any  sufficient  heat  from  this 
process,  and  if  his  energy  be  very  sparingly  recruited 
from  without,  it  necessarily  follows  that  he  is  in  the 
position  of  a  man  whose  expenditure  exceeds  his  income. 
He  is  living  upon  his  capital,  and  is  destined  to  share  the 
fate  of  all  who  act  in  a  similar  manner.  We  must,  there- 
fore, contemplate  a  futm-e  period  when  he  will  be  poorer 
in  energy  than  he  is  at  present,  and  a  period  still  further 
in  the  future  when  he  wUl  altogether  cease  to  shine. 

Probable  Fate  of  the  Universe. 

209.  K  this  be  the  fate  of  the  high  temperatm*e 
energy  of  the  universe,  let  us  think  for  a  moment  what 
will  happen  to  its  visible  energy.  We  have  spoken 
already  about  a  medium  pervading  space,  the  office  of 
which  appears  to  be  to  degrade  and  ultimately  extinguish 
all  differential  motion,  just  as  it  tends  to  reduce  and  ulti- 
mately equalize  all  difference  of  temperature.  Thus  the 
universe  would  ultimately  become  an  equally  heated 
mass,  utterly  wortliless  as  far  as  the  production  of  work 
is  concerned,  since  such  production  depends  upon  differ- 
ence of  temperature. 
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Although,  therefore,  in  a  strictly  mechanical  sense, 
there  is  a  conservation  of  energy,  yet,  as  regards  use- 
fulness or  fitness  for  living  beings,  the  energy  of  the 
universe  is  in  process  of  deterioration.  Universally 
diffused  heat  forms  what  we  may  call  the  great  waste- 
heap  of  the  imiverse,  and  this  is  gi'owing  larger  year 
by  year.  At  present  it  does  not  sensibly  obtrude  itself, 
but  who  knows  that  the  time  may  not  arrive  when  we 
shall  be  practically  conscious  of  its  growing  bigness  ? 

210.  It  will  be  seen  that  ia  this  chapter  we  have  re- 
garded the  universe,  not  as  a  collection  of  matter,  but 
rather  as  an  energetic  agent — ^in  fact,  as  a  lamp.  Now,  it 
has  been  well  poiated  out  by  Thomson,  that  looked  at  in 
this  light,  the  universe  is  a  system  that  had  a  beginning 
and  must  have  an  end;  for  a  process  of  degradation 
cannot  be  eternal.  K  we  could  view  the  universe  as  a 
candle  not  lit,  then  it  is  perhaps  conceivable  to  regard  it 
as  having  been  always  in  existence ;  but  if  we  regard  it 
rather  as  a  candle  that  has  been  lit,  we  become  absolutely 
certaia  that  it  cannot  have  been  burning  from  eternity, 
and  that  a  time  -^vill  come  when  it  wiU  cease  to  burn. 
We  are  led  to  look  to  a  beginning  in  which  the  particles 
of  matter  were  in  a  diffuse  chaotic  state,  but  endowed 
with  the  power  of  gravitation,  and  we  are  led  to  look  to 
an  end  in  which  the  whole  universe  wiU  be  one  equally 
heated  inert  mass,  and  from  which  everything  like  life  or 
motion  or  beauty  will  have  utterly  gone  away. 
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CHAPTER  VI. 
THE  POSITION  OF  LIFE. 

211.  We  have  hitherto  confmed  ourselves  ahnost 
entirely  to  a  discussion  of  the  laws  of  energy,  as  these 
affect  inanimate  matter,  and  have  taken  little  or  no  account 
of  the  position  of  life.  We  have  been  content  very  much 
to  remain  spectators  of  the  contest,  apparently  forgetful 
that  we  are  at  all  concerned  in  the  issue.  But  the  con- 
flict is  not  one  which  admits  of  on-lookers, — ^it  is  a  xmi- 
versal  conflict  in  which  we  must  all  take  our  share.  It 
may  not,  therefore,  be  amiss  if  we  endeavour  to  ascertain, 
as  well  as  we  can,  our  true  position. 

Twofold  nature  of  Equilihrium. 

212.  One  of  our  earliest  mechanical  lessons  is  on  the 
twofold  nature  of  equilibrium.  We  are  told  that  this 
may  be  of  two  kinds,  stable  and  unstable,  and  a  veiy 
good  illustration  of  these  two  kinds  is  furnished  by  an 
egg.  Let  us  take  a  smooth  level  table,  and  place  an  egg 
upon  it ;  we  all  know  in  what  manner  the  egg  will  lie 
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on  tte  table.  It  will  remain  at  rest,  that  is  to  say,  it- 
will  be  in  equilibrium ;  and  not  only  so,  but  it  will  be  in 
stable  equilibrium.  To  prove  this,  let  us  try  to  displace- 
it  with  our  finger,  and  we  shall  find  that  when  we  remove 
the  pressure  the  egg  wiU  speedily  return  to  its  previous 
position,  and  wiU  come  to  rest  after  one  or  two  oscilla- 
tions. Furthermore,  it  has  required  a  sensible  expenditure 
of  energy  to  displace  the  egg.  All  this  we  express  by 
saying  that  the  egg  is  in  stable  equilibrium. 

Mechanical  Instability. 

213.  And  now  let  us  try  to  balance  the  egg  upon  its 
longer  axis.  Probably,  a  sufficient  amount  of  care  will 
enable  us  to  achieve  this  also.  But  the  operation  is  a 
difficult  one,  and  requires  gTeat  delicacy  of  touch,  and  even 
after  we  have  succeeded  we  do  not  know  how  long  our 
success  may  last.  The  slightest  impulse  from  without,  th& 
merest  breath  of  air,  may  be  sufficient  to  overturn  the 
egg,  which  is  now  most  evidently  in  unstable  equilibrium. 
If  the  egg  be  thus  balanced  at  the  very  edge  of  the  table, 
it  is  quite  probable  that  in  a  few  miautes  it  may  topple 
over  upon  the  floor;  it  is  what  we  may  call  an  even 
chance  whether  it  will  do  so,  or  merely  fall  upon  the 
table.  Not  that  mere  chance  has  anything  to  do  with 
it,  or  that  its  movements  are  without  a  cause,  but  we 
mean  that  its  movements  are  decided  by  some  external 
impulse  so  exceedingly  small  as  to  be  utterly  beyond  our 
powers  of  observation.    In  fact,  before  making  the  trial 
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we  have  carefully  removed  everything  like  a  current  of 
air,  or  want  of  level,  or  external  impulse  of  any  kind, 
so  that  when  the  egg  falls  we  are  completely  unable  to 
assign  the  origin  of  the  impulse  that  has  caused  it  to 
do  so. 

214.  Now,  if  the  egg  happens  to  fall  over  the  table 
upon  the  floor,  there  is  a  somewhat  considerable  trans- 
mutation of  energy ;  for  the  energy  of  position  of  the  egg, 
due  to  the  height  which  it  occupied  on  the  table,  has  aU 
at  once  been  changed  into  energy  of  motion,  in  the  first 
place,  and  into  heat  in  the  second,  when  the  egg  comes 
into  contact  with  the  floor. 

K,  however,  the  egg  happens  to  fall  upon  the  table,  the 
transmutation  of  energy  is  comparatively  small. 

It  thus  appears  that  it  depends  upon  some  external 
impulse,  so  infinitesimally  small  as  to  elude  our  observa- 
tion, whether  the  egg  shall  fall  upon  the  floor  and  give 
rise  to  a  comparatively  large  transmutation  of  energy,  or 
whether  it  shaU  fall  upon  the  table  and  give  rise  to  a 
transmutation  comparatively  smaU. 

Chemical  Instability. 

215.  We  thus  see  that  a  body,  or  system,  in  unstable 
equilibrium  may  become  subject  to  a  very  considerable 
transmutation  of  energy,  arising  out  of  a  very  small 
cause,  or  antecedent.  In  the  case  now  mentioned,  the 
force  is  that  of  gi-avitation,  the  arrangement  being  one  of 
visible  mechanical  instability.    But  we  may  have  a  sub- 
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stance,  or  system,  in  wMch  tlie  force  at  "woi'k  is  not  gi-avity, 
but  cliemical  affinity,  and  the  substance,  or  system,  may, 
under  certain  peculiar  conditions,  become  chemically 
UTistahle. 

When  a  substance  is  chemically  unstable,  it  means 
that  the  slightest  impulse  of  any  kind  may  determine 
a  chemical  change,  just  as  in  the  case  of  the  egg  the 
slightest  impulse  from  without  occcasioned  a  mechanical 
displacement. 

In  fine,  a  substance,  or  system,  chemically  Tinstable 
bears  a  relation  to  chemical  affinity  somewhat  similar 
to  that  which  a  mechanically  unstable  system  bears 
to  gravity.  Gunpowder  is  a  familiar  instance  of 
a  chemically  unstable  substance.  Here  the  slightest 
spark  may  prove  the  precursor  of  a  sudden  chemical 
change,  accompanied  by  the  instantaneous  and  violent 
generation  of  a  vast  volume  of  heated  gas.  The  various 
explosive  compounds,  such  as  gun-cotton,  nitro-glycerine, 
the  fulminates,  and  many  more,  are  all  insta,nces  of 
structures  which  are  chemically  unstable. 

Machines  are  of  two  kinds. 
216.  When  we  speak  of  a  structure,  or  a  machine,  or 
a  system,  we  simply  mean  a  number  of  individual  par- 
ticles associated  together  in  producing  some  definite 
resxdt  Thus,  the  solar  system,  a  timepiece,  a  rifie,  are 
examples  of  inanimate  machines;  while  an  animal,  a 
human  being,  an  army,  are  examples  of  animated  struc- 
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tures  or  machines.  Now,  such  machines  or  structures 
are  of  two  kinds,  which  differ  from  one  another  not 
only  in  the  object  sought,  but  also  in  the  means  of 
attaining  that  object. 

217.  In  the  first  place,  we  have  structures  or 
machines  in  which  systematic  action  is  the  object  aimed 
at,  and  in  which  all  the  arrangements  are  of  a  conserva- 
tive nature,  the  element  of  instability  being  avoided  as 
much  as  possible.  The  solar  system,  a  timepiece,  a 
steam-engine  at  work,  are  examples  of  such  machines, 
and  the  characteristic  of  all  such  is  their  calculability. 
Thus  the  skilled  astronomer  can  tell,  with  the  utmost 
precision,  in  what  place  the  moon  or  the  planet  Venus 
-wiU  be  found'  this  time  next  year.  Or  again,  the 
excellence  of  a  timepiece  consists  in  its  various  hands 
pointing  accurately  in  a  certain  dkection  after  a  certain 
interval  of  time.  In  like  manner  we  may  safely  count 
upon  a  steamship  making  so  many  knots  an  hour,  at 
least  while  the  outward  conditions  remain  the  same.  In 
aU  these  cases  we  make  our  calculations,  and  we  are  not 
deceived— the  end  sought  is  regularity  of  action,  and  the 
means  employed  is  a  stable  arrangement  of  the  forces  of 
natTire. 

218.  Now,  the  characteristics  of  the  other  class  of 
machines  are  precisely  the  reverse. 

Here  the  object  aimed  at  is  not  a  regular,  but  a  sudden 
and  violent  transmutation  of  energy,  while  the  means 
employed  are  unstable  arrangements  of  natui-al  forces. 
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A  rifle  at  full  cock,  with  a  delicate  liaii--trigger,  is  a  very 
good  instance  of  such  a  machine,  where  the  slightest 
touch  from  without  may  bring  about  the  explosion  of  the 
gunpowder,  and  the  propulsion  of  the  ball  with  a  very  great 
velocity.  Now,  such  machines  are  eminently  characterized 
by  their  incalciddbility. 

219.  To  make  our  meaning  clear,  let  us  suppose  that 
two  sportsmen  go  out  hunting  together,  each  with  a 
good  rifle  and  a  good  pocket  chronometer.  After  a  hard 
day's  work,  the  one  turns  to  his  companion  and  says : — 
"  It  is  now  six  o'clock  by  my  watch ;  we  had  better  rest 
ourselves,"  upon  which  the  other  looks  at  his  watch,  and 
he  would  be  very  much  surprised  and  exceedingly 
indignant  with  the  maker,  if  he  did  not  find  it  six  o'clock 
also.  Their  chronometers  are  evidently  in  the  same  state, 
and  have  been  doing  the  same  thing;  but  what  about 
their  rifles  ?  Given  the  condition  of  the  one  rifle,  is  it 
possible  by  any  refinement  of  calculation  to  deduce  that 
of  the  other  ?  "We  feel  at  once  that  the  bare  supposi- 
tion is  ridiculous. 

220.  It  is  thus  apparent  that,  as  regards  energy, 
structures  are  of  two  kinds.  In  one  of  these,  the  object 
sought  is  regularity  of  action,  and  the  means  employed, 
a  stable  arrangement  of  natural  forces :  while  in  the  other, 
the  end  sought  is  freedom  of  action,  and  a  sudden  trans- 
mutation of  energy,  the  means  employed  being  an  un- 
stable arrangement  of  natural  forces. 

The  one  set  of  machines  are  characterized  by  their 
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calculalbility — the  other  by  their  incalculability.  The 
one  set,  when  at  work,  are  not  easily  put  wrong,  while 
the  other  set  are  characterized  by  great  delicacy  of  con- 
struction. 

An  Animal  is  a  delicately-constructed  Machine. 

221.  But  perhaps  the  reader  may  object  to  our  use  of 
the  rifle  as  an  illustration. 

For  although  it  is  undoubtedly  a  deKcately-constnicted 
machine,  yet  a  rifle  does  not  represent  the  same  surpass- 
ing delicacy  as  that,  for  instance,  which  characterizes  an 
egg  balanced  on  its  longer  axis.  Even  if  at  full  cock, 
and  with  a  hair  trigger,  we  may  be  perfectly  certain  it 
will  not  go  off"  of  its  own  accord.  Although  its  object  is 
to  produce  a  sudden  and  violent  transmutation  of  energj^, 
yet  this  requires  to  be  preceded  by  the  application  of  an 
amount  of  energy,  however  smaD,  to  the  trigger,  and  if 
this  be  not  spent  upon  the  rifle,  it  will  not  go  ofi".  There 
is,  no  doubt,  delicacy  of  construction,  but  this  has  not 
risen  to  the  height  of  incalculability,  and  it  is  only  when 
in  the  hands  of  the  sportsman  that  it  becomes  a  machine 
upon  the  condition  of  which  we  cannot  calculate. 

Now,  in  making  this  remark,  we  define  the  position 
of  the  sportsman  himself  in  the  Universe  of  Energy. 

The  rifle  is  delicately  constructed,  but  not  surpassingly 
so ;  but  sportsman  and  rifle,  together,  form  a  machine 
of  surpassing  delicacy,  ergo  the  sportsman  himself  is 
such  a  machine.     We  thus  begin  to  perceive  that  a 
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buman  being,  or  indeed  an  animal  of  any  kind,  is  in 
truth  a  machine  of  a  dehcacy  that  is  practically  infinite, 
the  condition  or  motions  of  which  we  are  utterly  unable 
to  predict. 

In  truth,  is  there  not  a  transparent  absurdity  in  the 
very  thought  that  a  man  may  become  able  to  calculate 
his  own  movements,  or  even  those  of  his  feUow  ? 

Life  is  like  the  Commander  of  an  Army. 
222.  Let  us  now  introduce  another  analogy — let  us 
suppose  that  a  war  is  being  carried  on  by  a  vast  army, 
at  the  head  of  which  there  is  a  very  great  commander. 
Now,  this  commander  knows  too  well  to  expose  his  per- 
son ;  in  truth,  he  is  never  seen  by  any  of  his  subordinates. 
He  remains  at  work  in  a  well-guarded  room,  from  which 
telegraphic  wii-es  lead  to  the  headquarters  of  the  various 
divisions.  He  can  thus,  by  means  of  these  wires,  transmit 
his  orders  to  the  generals  of  these  divisions,  and  by  the 
same  means  receive  back  information  as  to  the  condition 
of  each. 

Thus  his  headquarters  become  a  centre,  into  which  all 
information  is  poured,  and  out  of  which  aU  commands  are 
issued. 

Now,  that  mysterious  thing  caUed  hfe,  about  the  nature 
of  which  we  know  so  little,  is  probably  not  unlike  such 
a  commander.  Life  is  not  a  buUy,  who  swaggers  out 
into  the  open  universe,  upsetting  the  laws  of  energy  in 
all  directions,  but  rather  a  consummate  strategist,  who, 
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sitting  in  his  secret  cliamlier,  before  Ms  wires,  directs  the 
movements  of  a  great  army.* 

223.  Let  us  next  suppose  that  our  imaginary  army  is 
in  rapid  march,  and  let  us  try  to  find  out  the  cause  of 
this  movement.  We  find  that,  in  the  first  place,  orders 
to  march  have  been  issued  to  the  troops  under  them  by 
the  commanders  of  each  regiment.  In  the  next  place,  we 
learn  that  stafi"  officers,  attached  to  the  generals  of  the 
various  divisions,  have  conveyed  these  orders  to  the 
regimental  commanders ;  and,  finally,  we  learn  that  the 
order  to  march  has  been  telegraphed  from  headquarters 
to  these  various  generals. 

Descending  now  to  ourselves,  it  is  probably  somewhere 
in  the  mysterious  and  weU-guarded  brain-chamber  that 
the  delicate  directive  touch  is  given  which  determines 
our  movements.  This  chamber  forms,  as  it  were,  the 
headquarters  of  the  general  in  command,  who  is  so  well 
withdrawn  as  to  be  absolutely  invisible  to  all  his  sub- 
ordinates. 

224.  Joule,  Carpenter,  and  Mayer  were  at  an  early 
period  aware  of  the  restrictions  under  which  animals  are 
placed  by  the  laws  of  energy,  and  in  virtue  of  which  the 
power  of  an  animal,  as  far  as  energy  is  concerned,  is  not 
creative,  but  only  directive.    It  was  seen  that,  in  order 

*  See  an  article  on  "The  Position  of  Life,"  by  the  author  of  this 
work,  in  conjunction  ^-ith  Mr.  J.  N.  Loclcyer,  «  Macmillan's  Magazine," 
September,  1868  ;  also  a  lecture  on  "  The  Recent  Developments  of  Cos- 
mical  Physics,"  by  the  author  of  this  work. 
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to  do  work,  an  animal  must  be  fed ;  and,  even  at  a  still 
earlier  period,  Count  Rumford  remarked  that  a  ton  of  hay- 
will  be  administered  more  economically  by  feeding  a  horse 
with  it,  and  then  getting  work  out  of  the  horse,  than  by 
burning  it  as  fuel  in  an  engine. 

•  225.  In  this  chapter,  the  same  line  of  thought  has 
been  carried  out  a  little  further.  We  have  seen  that  life 
is  associated  with  delicately-constructed  machines,  so 
that  whenever  a  transmutation  of  energy  is  brought 
about  by  a  living  being,  could  we  trace  the  event  back, 
we  should  find  that  the  physical  antecedent  was  probably 
a  much  less  transmutation,  while  again  the  antecedent  of 
this  would  probably  be  found  still  less,  and  so  on,  as  far 
as  we  could  trace  it. 

226.  But  with  all  this,  we  do  not  pretend  to  have  dis- 
covered the  true  nature  of  life  itself,  or  even  the  true 
nature  of  its  relation  to  the  material  universe. 

What  we  have  ventui-ed  is  the  assertion  that,  as  far  as 
we  can  judge,  life  is  always  associated  with  machinery  of 
a  certain  kind,  in  virtue  of  which  an  extremely  delicate 
directive  touch  is  ultimately  mag-nified  into  a  very  con- 
siderable transmutation  of  energy.  Indeed,  we  can 
hardly  imagine  the  freedom  of  motion  implied  in  life 
to  exist  apart  from  machinery  possessed  of  very  gi-eat 
delicacy  of  construction. 

In  fine,  we  have  not  succeeded  in  solving  the  problem 
as  to  the  tme  nature  of  life,  but  have  only  di'iven 
the  difficulty  into  a  borderland  of  thick  darkness,  into 
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which  the  light  of  knowledge  has  not  yet  been  able  to 
penetrate. 

Organized  Tissues  are  subject  to  Decay. 

227.  We  have  thus  learned  two  things,  for,  in  the 
first  place,  we  have  learned  that  life  is  associated  with ' 
delicacy  of  construction,  and  in  the  next  (Art.  220),  that 
delicacy  of  construction  implies  an  uu  stable  arrangement 
of  natural  forces.  We  have  now  to  remark  that  the 
particular  force  which  is  thus  used  by  living  beings  is 
chemical  affinity.  Our  bodies  are,  in  truth,  examples  of 
an  unstable  arrangement  of  chemical  forces,  and  the 
materials  which  composed  them,  if  not  liable  to  sudden 
explosion,  like  fahninating  powder,  are  yet  pre-eminently 
the  subjects  of  decay. 

228.  Now,  this  is  more  than  a  mere  general  statement ; 
it  is  a  truth  that  admits  of  degrees,  and  in  virtue  of 
which  those  parts  of  our  bodies  which  have,  during  life, 
the  noblest  and  most  delicate  office  to  perform,  ai'e  the 
very  first  to  perish  when  life  is  extinct. 

"  Oh  !  o'er  the  eye  death  most  exerts  his  might. 
And  hurls  the  spirit  from  her  throne  of  Ught; 
Sinks  those  blue  orbs  in  their  long  last  eclipse, 
But  spares  as  yet  the  charm  around  the  lips." 

So  speaks  the  poet,  and  we  have  here  an  aspect  of 
things  in  which  the  lament  of  the  poet  becomes  the  true 
interpretation  of  nature. 
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Difference  between  Animals  and  Inanimate 
Machines. 

229.  We  are  now  able  to  recognize  the  difference  be- 
tween the  relations  to  energy  of  a  living  being,  such  as 
man,  and  a  machine,  such  as  a  steam-engine. 

There  are  many  points  in  common  between  the  two. 
Both  require  to  be  fed,  and  in  both  there  is  the  transmu- 
tation of  the  energy  of  chemical  separation  implied  in 
fuel  and  food  into  that  of  heat  and  visible  motion. 

But  while  the  one — the  engine — requires  for  its  main- 
tenance only  carbon,  or  some  other  variety  of  chemical 
separation,  the  other — ^the  living  being — demands  to  be 
supplied  with  organized  tissue.  In  fact,  that  delicacy  of 
construction  which  is  so  essential  to  our  well-beinff,  is 
not  something  which  we  can  elaborate  internally  in  our 
own  frames — all  that  we  can  do  is  to  appropriate  and 
assimilate  that  which  comes  to  us  from  without ;  it  is 
already  present  in  the  food  which  we  eat. 

Ultimate  Dependence  of  Life  upon  the  Sun. 

230,  We  have  already  (Art.  203)  been  led  to  recognize 
the  sun  as  the  idtimate  material  source  of  all  the  energy 
which  we  possess,  and  we  must  now  regard  him  as  the 
source  likewise  of  all  our  delicacy  of  construction.  It 
requires  the  energy  of  his  high  temperature  rays  so  to 
wield  and  manipulate  the  powerful  forces  of  chemical 
affinity ;  so  to  balance  these  various  forces  against  each 
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other,  as  to  produce  in  the  vegetable  something  which 
will  alford  onr  frames,  not  only  energy,  but  also  delicacy 
of  construction. 

Low  temperature  heat  would  be  utterly  unable  to 
accomphsh  this  ;  it  consists  of  ethereal  vibrations  which 
are  not  sufficiently  rapid,  and  of  waves  that  are  not  suffi- 
ciently short,  for  the  purpose  of  shaking  asunder  the 
constituents  of  compound  molecules. 

231.  It  thus  appears  that  animals  are,  in  more  ways 
than  one,  pensioners  upon  the  sun's  bounty;  and  those 
instances,  which  at  fixst  sight  appear  to  be  exceptions, 
will,  if  studied  sufficiently,  only  serve  to  confirm  the  rule. 

Thus  the  recent  researches  of  Dr.  Carpenter  and  Pro- 
fessor Wy ville  Thomson  have  disclosed  to  us  the  existence 
of  minute  living  beings  in  the  deepest  parts  of  the  ocean, 
into  which  we  may  be  almost  sure  no  solar  ray  can 
penetrate.  How,  then,  do  these  minute  creatures  obtain 
that  energy  and  delicacy  of  construction  vsdthout  which 
they  cannot  live  ?  in  other  words,  how  are  they  fed  ? 

Now,  the  same  naturalists  who  discovered  the  exist- 
ence of  these  creatures,  have  recently  furnished  us  with 
a  very  probable  explanation  of  the  mystery.  They  think 
it  highly  probable  that  the  whole  ocean  contains  in 
it  organic  matter  to  a  very  small  but  yet  perceptible 
extent,  forming,  as  they  express  it,  a  sort  of  dUuted  soup, 
which  thus  becomes  the  food  of  these  minute  creatures. 

232.  In  conclusion,  we  are  dependent  upon  the  sun  and 
centre  of  our  system,  not  only  for  the  mere  energy  of  our 
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frames,  but  also  for  our  delicacy  of  construction — the 
future  of  our  race  depends  upon  the  sun's  future.  But 
we  have  seen  that  the  sun  must  have  had  a  beginning, 
and  that  he  will  have  an  end. 

We  are  thus  induced  to  generalize  still  further,  and 
regard,  not  only  our  own  system,  but  the  whole  material 
universe  when  viewed  with  respect  to  serviceable  energy, 
as  essentially  evanescent,  and  as  embracing  a  succession 
of  physical  events  which  cannot  go  on  for  ever  as  they 
are. 

But  here  at  length  we  come  to  matters  beyond  our 
grasp ;  for  physical  science  caimot  inform  us  what  must 
have  been  before  the  beginning,  nor  yet  can  it  tell  us 
what  will  take  place  after  the  end. 
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Absorbed  Heat.   Arts.  123-131,  pp.  88-93 
 Art.  178,  p.  128 

 in  its  two  Forms.    Arts.  149-162,  pp.  105-118 

Action  and  Eeaction,  Equal  and  Opposite.    Art.  12,  p.  8 

 Chemical,  accompanied  by  Change  of  Condition.  Art.  167  p  121 

Actirity  of  Molecules.  Arts.  10,  11,  p.  7 

Air  and  Water  in  Motion.    Art.  203,  p.  147 

Advantages  of  Position.   Art.  37,  p.  26 

AflSnity,  Chemical,  force  of.    Arts.  70,  71,  p.  53 

-  Electricity  probably  allied  to.    Art.  84,  p  65 

Analogy  between  Heat  and  Sound.    Art.  57,  p.  42 

Hot  and  a  Sounding  Body.    Art.  162  p  118 
Ancient  Ideas  not  Prolific.   Arts.  187,  188,  p.  135 
Animal  a  Delicately-constructed  Machme.   Art.  221,  p.  160 
Animals  and  Inanimate  Machines,  Difeerence  between.'  Art  2^>9  p  16.5 
Argmnents  derived  from  Eumford's  and  Davy's  Experiments.  '  Arts. 

oo— 00,  p.  oa 
Aristotle  on  a  Medium.  Art.  186,  p.  134 
Army,  Life  like  the  Commander  of  an.    Arts.  222-226  p  I7l 
Atmosphere  Eesistance  and  Buoyancy  of,  disregarded.'  Ai-t.  30,  p  20 
Atoms  and  Molecules  Defined.    Arts.  68,  69,  p.  51 
 Democritns  on.    Art.  185,  p.  133 

Atomic  and  Molecular  Force,  Eemarks  on.    Arts.  72-78  p  51 

 Forces,  how  influenced  by  Heat.    Art.  76,  p.  58  ' 

  or  Chemical  Separation.  Art.  Ill,  p.  80  ' 

Attraction  of  CuiTents..   Art.  173,  p.  124 
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Backward  and  Forward  Motion,  Heat  a.    Arts.  56,  57,  pp.  41,  42 

Bacon  on  Heat.    Art.  190,  p.  137 

Bacon'a  Eemarks.  Art.  185,  p.  134 

Battery  Current,  Direction  of.   Arts.  94,  95,  p.  71 

  Decomposition  by  the.    Art.  177,  p.  127 

  Poles  of  a.   Art.  92,  p.  71 

  Voltaic,  the.    Art.  169,  170,  p.  123 

Buoyancy  and  Eesistance  of  Atmosphere  disregarded.    Art.  30,  p.  20 
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Camot  on  Power  of  Heat.   Art.  149,  p.  106 

Change  into  Heat  of  Mechanical  Energy.  Cap.  2,  Arts.  34-63,  pp.  23- 
 of  State.  Art.  157,  p.  112 

 Condition  accompanies  Chemical  Action.    Art.  167,  p.  121 

Chemical  Action  accompanied  by  Change  of  Condition.  Art.  167,  p.  1 

 Affinity,  Force  of.  Arts.  70,  71,  p.  53 

 Electricity  probably  allied  to.   Art.  84,  p.  64 

 Effect  of  Cm-rent.    Art.  99,  p.  74 

 Instability.   Art.  215,  p.  156 

 or  Atomic  Separation.    Art.  Ill,  p.  80 

—  Separation.  Art.  159,  p.  114 

  Arts.  163-170,  pp.  118-123 

  Art.  177,  p.  127 

  Arts.  179-181,  p.  128 

Cholera  a  Low  Level  Disease.   Art.  6,  p.  4 
Coal.    Art.  197,  p.  143 
Cohesion,  Force  of.    Art.  8,  p.  6 
  Arts.  68,  69,  p.  51 

Commander  of  an  Army,  Life  is  like  the.  Arts.  222-226,  p.  171 

Condition,  Change  of,  accompanies  Chemical  Action.  Art.  167,  p.  121 

Conditions  of  EquiUbrium.  Art.  44,  p.  34 

Conductors  and  Nonconductors.  Art.  80,  p.  61 

Connection  between  Energies  and  Forces  of  Nature.    Art.  64,  p.  48 

Conservation,  Law  of.  Arts.  115-120,  pp.  82,  83 

 Theory  of.   Art.  194,  p.  140 

Cross-bow,  a  bent.  Art.  36,  p.  25 

Cui-rent,  Chemical  Effect  of.     Art.  99,  p.  74 

 Heating  Effect  of.  Ai't.  98,  p.  73 

 Induction  of.   Art.  102-105,  p.  75 

 Magnetic  Effect  of.   Arts.  96,  97,  p.  72  ~  ■ 

 of  Electricity.  Arts.  140-143,  p.  99 
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Current  of  Electricity.    Art.  172,  p.  124 

Ciirronts,  Attraction  and  Eepulsion  of.  Art.  100,  p.  74 

  Ai't.  173,  p.  124 


D. 

Davy's  Esperiments.  Arts.  49-51,  p.  38 
Decay,  Organized.  Tissues  subject  to.   Arts.  227,  228,  p.  1G4 
Decomposition  by  the  Battery.    Art.  177,  p.  127 
Definition  of  Energy.    Art.  19,  p.  13 

  Molecules  and  Atoms.  Arts.  68,  69,  p.  51 

  Velocity.    Art.  25,  p.  16 

  Work.    Art.  23,  p.  15 

Democritus  on  Atoms.    Art.  185,  p.  133 

Descartes  on  a  Medium.    Art.  189,  p.  136 

Description  of  Electrical  Current.    Arts.  91,  92,  p.  69 

Difference  between  an  Animate  and  Inanimate  Machine.  Art.  229,  p.  165 

Direction  of  Battery  Current.    Arts.  94,  95,  p.  71 

Directness  of  Motion,  Energy  Independent  of.    Art.  31,  p.  21 

Disassociation,  Temperature  of.    Art.  159,  p.  115 

Diseases  caused  by  Organic  Germs.    Art.  5,  p.  3 

Dissipation  of  Energy.    Cap.  5,  Ai-ta.  182-210,  pp.  131-152 


E. 

Earth,  Falling  off  in  Eotative  Energy  of.    Art.  134,  p.  95 

 Motions  on  the.  Absorbed  Heat  in.    Arts.  123-131,  p.  88 

 The  Air  Engine.    Art.  154,  p.  108 

Effect,  Chemical,  of  Current.    Art.  99,  p.  74 

 Heating,  of  Current.    Art.  98,  p.  73 

Effects,  Magnetic,  of  Current.  Arts.  96,  97,  p.  72 
Egg,  a  Balanced.    Arts.  212,  213,  pp.  154,  155 
Elastic  Forces.    Art.  67,  p.  50 
Electric  Current  described.  Arts  91,  92,  p.  69 

  Induction.    Ai-ts.  87,  88,  page  65 

  Machine.    Art.  86,  p.  65 

 Arts.  138,  139,  p.  98 

Electrical  Condition  of  the  Poles.    Art.  92,  p.  71 

  Hypothesis.    Art.  83,  p.  63 

  Separation.    Art.  112,  p.  81 

 Arts.  138, 139,  p.  98 

 Art.  160,  p.  115 

 Art.  168,  p.  123 

 Arts.  171,  172,  p.  124 

Electricity,  a  Current  of.   Arts.  140-143,  p.  99 
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Electricity,  a  Current  of.   Art.  172,  p.  124 

 in  Motion.     Art.  113,  p.  81 

 Art.  161,  p.  116 

  Ai'ts.  169,  170,  p.  123 

  Arts.  173-177,  pp.  124-127 

 its  Properties.    Arts.  79-105,  pp.  60-75 

 List  of  Substances  which  develop  it.    Art.  85,  p.  64. 

 Magnetic.    Arts.  144-147,  p.  103 

'  only  produced  when  Heterogeneous  Bodies  are  rubbed. 

Art.  84,  p.  64 

 probably  allied  to  Chemical  Affinity.  Ai-t.  85,  p.  64 

 remarks  on.    Arts.  79,  80,  p.  60 

 two  kinds  of.    Aj-t.  81,  p.  62 

always  developed  together.    Art.  82,  p.  63. 


Energies  and  Forces  of  Nature.    Cap.  3,  Arts.  64-107,  pp.  48-78. 

 of  Nature  enumerated.    Arts.  107-114,  p.  78-81 

 Natural,  and  their  Sources.    Ai-t.  196,  p.  143 

  chiefly  from  the  Sun.    Art.  203,  p.  147 

Energy,  a  Machine  merely  Transmutes  it.  Art.  42,  p.  30 

  and  Velocity,  Relation  between.    Arts.  25-33,  pp.  16-21 

  converted  into  less  useful  Form  by  Friction.    Art.  46,  p.  35 

 Percussion.    Art.  47,  p.  36 

  Definition  of.    Art.  19,  p.  13 

  Dissipation  of.    Cap.  5,  Arts.  182-210,  pp.  131-152 

  Heating  Effects  proportional  to.    Art.  58,  p.  43 

  Heraclitus  on.    Art.  184,  p.  133 

  Independent  of  Directness  of  Motion.    Art.  31,  p.  24 

  Mechanical,  and  its  Change  into  Heat.     Cap.  2,  Arts.  34-36, 

pp.  23—47 

  not  simply  proportional  to  Velocity.    Arts.  21,  22,  p.  14 

  of  Position.    Arts.  34-37,  p.  23 

  Arts.  108,  109,  p.  79 

Arts.  121,  122,  p.  87 


of  Visible  Motion.  Art.  107,  p.  78 

  Arts.  121-147,  pp.  87-103 

Arts.  148, 149,  p.  105 


possessed  by  a  Eifle  Ball.  Art.  18,  p.  13 
Problems  alHed  to.    Arts.  182, 183,  p.  131 
proportional  to  Mass.    Art.  20,  p.  14 

Square  of  Velocity.    Art.  28,  p.  13 


Radiant.    Art.  114,  p.  81 

Art.  178—181,  p.  128 


the  Power  of  doing  Work.  Art.  23,  p.  15 
There  are  other  varieties  of.    Art.  62,  p.  47 
Tidal.    Art.  208,  p.  146 

Transmutation  of.  Cap  4,  Arts.  121-187,  pp.  87-128 
Visible,  Transmutations  of.    Arts.  38-41,  pp.  27, 28 
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Energy,  Visible,  of  Position.    Art.  148,  p.  105 

  What  is  it  ?    Cap.  1,  Art.  1,  p.  1 

Engine,  the  Heat.    Art.  149,  p.  105 

  the  Earth  an.    Art.  154,  p.  108 

Engines,  Law  of  Working  of  Heat.    Arts.  150-152,  p.  103 
 Ke marks  on.    Art.  154,  p.  108 

Enumeration  of  Energies  of  Nature.    Arts.  107-114,  pp.  78-81 

  Eorces  of  Matter.    Arts.  65-78,  pp.  48-55 

Equal  and  Opposite,  Action  and  Ee-action.    Art.  2,  p.  8 
Equilibrium,  Conditions  of.    Art.  44,  p.  34 

  twofold  Nature  of.    Art.  212,  p.  154 

Equivalent,  Mechanical,  of  Heat.    Ai-ts.  58-63,  pp.  43-47 
Examples.    Ai-t.  29,  p.  20 
Existence  a  Continued  Eight.    Art.  3,  p.  3 
Experiments  by  Davy.    Arts.  49-51,  p.  38 

 Joule.  Arts.  59-61,  p.  44 

 Peltier.    Arts.  176,  p.  126 

 Eumford.    Art.  52,  p.  39 


Fate,  Probable,  of  the  Universe.    Arts.  209,  210,  p.  152 
Falling  Stone,  Illustration  of  a.  Arts.  15,  16,  p.  11 
Fire,  an  ordinary.    Art.  153,  p.  108 
Fluids,  Friction  of.   Art.  59,  p.  44 
Food.   Art.  199,  p.  145 

Force  of  Chemical  Affinity.    Arts.  70,  71,  p.  53 

  Cohesion.    Art.  8,  p.  6 

  Arts.  68,  69,  p.  51 

Forces  and  Energies  of  Nature.    Cap.  3,  Arts.  64-107,  pp.  48-78 

 other,  besides  Gravity.    Ai-ts.  32,  33,  p.  21 

Forward  and  Backward  Motion,  Heat  a.    Arts.  56,  57,  pp.  41,  42 
Freezing  Point  of  Water  lowered  by  Pressure.    Art.  156,  p.  110 
Friction  and  Percussion,  what  they  do.    Arts.  26-4.8,  pp.  35-37 

 converts  Energy  into  less  useful  Form.    Art.  46,  p.  35 

•  of  Fluids.    Art.  54,  p.  44 

Fuel,  embracing  Wood  and  Coal.  Art.  197,  p.  143 
Functions  of  a  Machine.  Arts.  42,  43,  pp.  30-32 


G. 

Galileo  defined  Principles  of  Virtual  Velocities.    Art.  44,  p.  33 

 true  Function  of  a  Machine.  Art.  44,  p.  30 

Galvanometer,  the.  Art.  96,  p.  72 
Goldfish,  vessel  of.  Art.  12,  p.  9 
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Gravitation  a  Weak  Force.  Art.  66,  p.  50 

  its  Law  of  Action.    Art.  65,  p.  48 

Gravity,  other  Forces  besides.  Arts.  32,  33,  p.  21 
Grove  on  Conservation.  Art.  194,  p.  140 
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Head,  a,  of  Water.    Art.  35,  p.  24 

  Art.  200,  p.  146 

Heat,  Absorbed.    Art.  178,  p.  128 

  a  Backward  and  Forward  Motion.    Ai-ts.  56-59,  pp.  41,  42 

  a  species  of  Motion.    Arts.  49-55,  pp.  38,  39 

  (a  resisting  body).    Arts.  174,  175,  p.  125 

  analogy  between,  and  Sound.    Art.  57,  p.  42 

  appears  when  Friction  and  Percussion  destroy  Motion.    Art.  4-8, 

p.  37 

  Bacon  on.    Art.  190,  p.  137 

  Change  into,  of  Mechanical  Energy.    Cap.  2,  Arts.  34-63,  23-47 

■  ■  Engine,  Energy  of  Visible  Motion  in  the.    Art.  149,- p.  150 

 Law  of  Working  of.    Arts.  150-152,  p.  106 

  Mechanical  Equivalent  of.    Arts.  58-63,  pp.  34-47 

  Motion.    Art.  110,  p.  50 

  Origin  of  the  Sun's.  Arts.  207,  208,  p.  150 

  Eadiant.    Art.  162,  p.  117 

  Unit,  value  of.    Art.  62,  p.  46 

Heated  Substance  not  in  Motion  as  a  whole.  Art.  56,  p.  41 

Heating  Effect  of  Current.    Art.  98,  p.  73 

Heating  Effects  proportional  to  Energy.    Art.  58,  p.  73 
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 Art.  45,  p.  34 
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 of  Currents.  Arts.  102-105,  p.  75 
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 World,  the.    Arts.  5,  6,  p.  3 

Instability,  Chemical.    Art.  215,  p.  156 
 Mechanical.  Arts.  213,  214,  p.  155 
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J  evens,  Prof.  S.,  on  Coal  Supply.  Art.  198,  pp.  144,  145 
Joule's  Experiments.  Arts.  59-61,  p.  44 
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Kilogramme,  Descending.  Art.  39,  p.  28 

 shot  Upwards.    Art.  26,  27,  p.  17 

 Art.  38,  p.  27 
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Latent  Heat  of  Steam.    Art.  74,  p.  57 

  Water.  Art.  74,  p.  56 

Law  of  Action  of  Gravitation.    Art.  65,  p.  48 

 Conservation.    Arts.  115-120,  pp.  82,  83 

 Working  of  Heat  Engines.    Arts.  150-152,  p.  106 

Leaves  of  Plants.    Arts.  179-181,  p.  128 
Lever,  Illustration  of.    Art.  45,  p.  34 
Leyden  Jar.  Arts.  89,  90,  p.  67 

Life  like  the  Commander  of  an  Army.   Arts.  222-226,  p.  171 

 the  Position  of.    Cap.  6,  Arts.  211-232,  pp.  154^165 
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Light,  Perpetual,  Impossible.    Art.  205,  p.  249 
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Machine,  Animal  is  a  Delicately-constructed.    Art.  221,  p.  IGO 

•  does  not  Create.    Art.  44,  p.  34 

.  Electric.    Art.  86,  p.  65 

•   Arts.  138,  139,  p.  98 

 Functions  of  a.    Arts.  43,  43,  pp.  30-32 

 described  by  Galileo.    Art.  44,  p.  33 
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  Impossible  to  become  directly  acquainted  with.  Art. 
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I'Tatwe  Sulphur,  &c.    Art.  102,  p.  147 

Nature,  Energies  of,  Euumerated.    Arts.  107-114,  pp.  78-81 

  Forces  and  Energies  of.    Cap.  3,  Arts.  64-107,  pp.  48-78 

 of,  Enumerated.    Arts.  65-78,  pp.  48-55 
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Newton  on  a  Medium.    Art.  189,  p.  136 
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Opposite  and  Equal,  Action  and  Eeaction.    Art.  12,  p.  6 
Organic  and  Inorganic  Worlds.    Art.  4,  p.  3 
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Preliminary  Remarks.    Art.  211,  p.  154 
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  Light  and  Heat.    Art.  162,  p.  117 
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Sun  a  Source  of  High  Temperature  Heat.    Art.  204,  p.  148 
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 Natural  Energies  chiefly  from.    Art.  243,  p.  147 
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 Ultimate  dependence  of  Life  on  the.    Arts.  250-252,  p.  165 

Survey  of  Organic  and  Liorganic  Worlds.    Art.  4,  p.  3 
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Tait,  Professor,  on  Native  Sulphur,  &o.    Art.  202,  p.  147 
Temperature  of  Disassociation.    Art.  159,  p.  115 
Theory,  the,  of  Conversation.    Art.  194,  p.  140 
Thermo-Electricity.    Art.  161,  p.  110 
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 ■   Machines.  Arts.  216-220,  p.  157 
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Ultimate  Dependence  of  Life  on  tlie  Sun.    Arts.  230-232  p  165 
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Value  of  Heat  Unit.    Art.  62,  p.  46 

Varieties,  other,  of  Energy.    Art.  63,  p.  47 

Velocities,  principles  of  Vii'tual.    Arts.  44,  45,  pp.  33,  34 

  Art.  191,  p.  137 
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 Energy  not  simply  proportional  to.    Ai-ts.  21,  22,  p.  14 

 in  Inclined  Plane.    Arts.  40,  41,  p.  28 

 Square  of  Energy  proportionate  to.    Art.  28,  p.  19 

Virtual  Velocities,  principles  of.    Arts.  44,  45,  jip.  33,  34 

  Art.  191,  p.  137 

Visible  Energy,  Transmutation  of.    Arts.  38-41,  pp.  27,  28 

  of  Position.    Arts.  108,  109,  p.  79 

  Art.  148,  p.  105 

Visible  Motion.    Arts.  171-173,  p.  124 

 •   Energy  of.    Art.  107,  p.  78 

  Arts.  121-147,  pp.  87-103 
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Watch,  a,  wound  up.   Art.  36,  p.  25 
Water  and  Air  in  Motion.  Art.  203,  p.  147 

 A  Head  of.  Art.  55,  p.  24 

 Art.  200,  p.  146 

 Freezing  Point  of.    Arts.  118, 119,  p.  85 
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 Latent  Heat  of.    Art.  74,  p.  56 

Watts'  improvements  in  Steam  Engine.    Art.  192,  p.  138 
What  Eriction  and  Percussion  do.    Ai'ts.  46-48,  pp.  35-37 
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^^TO^^...^  a-Hmt^in^^^^^^^^  to  g'o  and 

BURTON,  Mrs  Richard.— Inner  Life  of  Svria  Palp<?tinp 

BUSBECQ  Ogier  Ghiselin  de.-His  Life  and  Letters.  By  Charles 
THORNTON  FORSTEH  M.  A         F.  H.  Blackburne'danieS 
M.A.    2  vols.    With  Frontispieces.    Demy  8vo,  2as 

?csr  ass-      -i^^  -  s  Mo,»° 

Catholic  Dictionary.     Containing  some  account  of  the  Doctrine 
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CER  VAJVTES.—JourneY  to  Parnassus.   Spanish  Text,  with  Trans- 

lation  into  English  Tercets,  Preface,  and  Illustrative  Notes,  by 

James  Y.  Gibson.    Crown  8vo,  12s. 
CHEYNE,  Rev.  T.  K. — The  Prophecies  of  Isaiah,  Translated 

with  Critical  Notes  and  Dissertations.    2  vols.    Third  Edition. 

Demy  8vo,  25^. 

CLAIRA  UT.  —  Elements    of   Geometry.    Translated    by  Dr. 
Kaines.    With  14s  Figures.    Crown  8vo,  4J.  bd.  . 

CLAYDEN,  P.  f^^.— England  under  Lord  Beaconsfield.  The 
Political  History  of  the  Last  Six  Years,  from  the  end  of  1873  to 
the  beginning  of  1880.  Second  Edition,  with  Index  and  con- 
tinuation to  March,  1880.  Demy  Svo,  i6j. 
Samuel  Sharpe.  Egyptologist  and  Translator  of  the  Bible, 
Crown  Svo,  6j. 

CLIFFORD,  Samuel— 'SN\i2iX  Think  Ye  of  the  Christ?  Crown 
Svo,  6j. 

CLODD,  Edrvard,  F.R.A.S.—rhe  Childhood  of  the  World:  a 
Simple  Account  of  Man  in  Early  Times.  Seventh  Edition. 
Crown  Svo,  3s. 

A  Special  Edition  for  Schools,  is. 

The  Childhood  of  Religions.  Including  a  Simple  Account  of 
the  Birth  and  Growth  of  Myths  and  Legends.  Eighth  Thousand. 
Crown  Svo,  5^. 

A  Special  Edition  for  Schools,    is.  6d. 

Jesus  of  Nazareth.  With  a  brief  sketch  of  Jewish  History  to  the 
Time  of  His  Birth.    Small  crown  Svo,  6s. 

COGHLAN.  J.  Cole,  ZJ.Z?.— The  Modern  Pharisee  and  other 
Sermons.  •  Edited  by  the  Very  Rev.  H.  H.  Dickinson,  D.D., 
Dean  of  Chapel  Royfil,  Dublin.  New  and  Cheaper  Edition. 
Crown  Svo,  ^s.  6d. 

COLERIDGE,  Sara.—VLexaoir  and  Letters  of  Sara  Coleridge. 

Edited  by  her  Daughter.  With  Index.  Cheap  Edition.  With 
Portrait.    7^.  6d. 

Collects  Exemplified.  Being  Illustrations  from  the  Old  and  New 
Testaments  of  the  Collects  for  the  Sundays  after  Trmity.  By  the 
Author  of  "  A  Commentary  on  the  Epistles  and  Gospels."  Edited 
by  the  Rev.  Joseph  Jackson.    Cro\vn  Svo,  5^. 

CONNELL,  A.  /s^— Discontent  and  Danger  in  India.  Small 
crown  Svo,  3^.  6d. 
The  Economic  Revolution  of  India.    Crown  Svo,  4^.  dd. 

CORY,  William.— K  Guide  to  Modern  English  History.   Part  I. 

— MDCCCXV.-MDCCCXXX.     Demy  Svo,  9^.     Part  II.— 

MDCCCXXX.-MDCCCXXXV.,  15^. 
COTTERILL,  H.  B.—An  Introduction  to  the  Study  of  Poetry. 

Crown  Svo,  7^.  6d. 
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COX,  J^dV.  Sir  George  TV.,  M.A.,  Bart.— A  History  of  Greece  from 
the  Earliest  Period  to  the  end  of  the  Persian  War, 
New  Edition.    2  vols.    Demy  8vo,  36^. 

The  Mythology  of  the  Aryan  Nations.    New  Edition. 
Demy  Svo,  16^. 

Tales  of  Ancient  Greece.   New  Edition.    Small  crown  Svo,  6s. 

A  Manual  of  Mythology  in  the  form  of  Question  and 
Answer.    New  Edition.    Fcap.  Svo,  p. 

An  Introduction  to  the  Science  of  Comparative  Myth- 
ology and  Folk-Lore.  Second  Edition,  Crown  Svo.  "js.  6d. 

COX,  Rev.  Sir  G.  W.,  M.A.,  Bart.,  and  yONES,  Eustace  Hinton.— 
Popular  Romances  of  the  Middle  Ages.  Third 
Edition,  in  i  vol.    Crown  Svo,  ds. 

COX,  Rev.  Samuel,  D.D. — Salvator  Mundi ;  or,  Is  Christ  the  Saviour 
of  all  Men  ?    Eighth  Edition.    Crown  Svo,  5^. 

The  Genesis  of  Evil,  and  other  Sermons,  mainly  expository. 
Third  Edition.    Crown  Svo,  6j, 

A  Commentary  on  the  Book  of  Job,    With  a  Translation. 
Demy  Svo,  15^-, 

The  Larger  Hope.    A  Sequel  to  "  Salvator  Mundi."    i6mo,  \s. 

CRA  VEN,  Mrs.—K  Year's  Meditations,    Crown  Svo,  ds. 

CRA  WFURD,  Os-mId.—I>ovtvLgal,  Old  and  New.  With  Illustra- 
tions  and  Maps.    New  and  Cheaper  Edition,    Crown  Svo,  6j. 

CROZIER,  John  Beattie,  MB.— The  Religion  of  the  Future. 
Crown  Svo,  6s. 

DANIELL,  Clarviont.—T'b.e  Gold  Treasure  of  India.  An  Inquiiy 
into  its  Amount,  the  Cause  of  its  Accumulation,  and  the  Proper 
Means  of  using  it  as  Money.    Crown  Svo,  5^. 

Darkness  and  Dawn  :  the  Peaceful  Birth  of  a  New  Age.  Small 
crown  Svo,  2s.  6d. 

DAVIDSON,  Rev.  Samuel,  D.D.,  ZZ.Z).— Canon  of  the  Bible; 

Its  Formation,  History,  and  Fluctuations.  Third  and  Revised 
Edition.    Small  crown  Svo,  5^. 

The  Doctrine  of  Last  Things  contained  in  the  New  Testa- 
ment compared  with  the  Notions  of  the  Jews  and  the  Statements 
of  Church  Creeds.    Small  crown  Svo,  3^.  6d. 

DAVIDSON,  Thomas.— 1\vQ  Parthenon  Frieze,  and  other  Essays. 
Crown  Svo,  6s. 

DAWSON,  Geo.,  M.A.    Prayers,  with  a  Discourse  on  Prayer. 

Edited  by  his  Wife.     First  Series.     Eighth  Edition,  Crown 
Svo,  6s. 

Prayers,  with  a  Discourse  on  Prayer.  Edited  by  George 
bT.  Clair.    Second  Series.    Crown  Svo,  6s. 
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DAJVSOJV,  Geo.,  M. A. —continued. 

Sermons  on  Disputed  Points  and  Special  Occasions. 
Edited  by  liis  Wife.    Fourtli  Edition.    Crown  8vo,  6s. 

Sermons  on  Daily  Life  and  Duty.    Edited  by  Ms  Wife, 
Fourtli  Edition.    Crown  SvOj  6s, 

The  Authentic    Gospel,    and   other  Sermons.    Edited  by 
George  St.  Clair.    Tliird  Edition.    Crown  8vo,  6s. 

Three  Books  of  God  :  Nature,  History,  and  Scripture. 
Sermons  edited  by  George  St.  Clair.    Cro^vn  8vo,  6s. 

DE  JONCOURT,  Madame  Wholesome  Cookery.  Second 

Edition.    Crown  8vo,  3^.  6d. 

DE  LONG,  Lieut.  Com.  G.  W.—TYiQ  Voyage  of  the  Jeannette. 

The  Ship  and  Ice  Journals  of.  Edited  by  his  Wife,  Emma 
De  Long.  With  Portraits,  Maps,  and  many  Illustrations  on 
wood  and  stone.    2  vols.    Demy  8vo,  Z^s. 

DESPREZ,  Philip  S.,  ^.Z*.— Daniel  and  John  ;  or,  The  Apocalypse 
of  the  Old  and  that  of  the  New  Testament.    Demy  8vo,  \zs. 

DEVEREUX,  W.  Cope,  R.N.,  F.R.G.S.—^dav  Italy,  the  Riviera, 
and  Monte  Carlo.  Comprising  a  Tour  through  North  and 
South  Italy  and  Sicily,  with  a  short  account  of  Malta.  Crown 
8vo,  6s. 

DOWDEN,  Edward,  ZZ.Z?.— Shakspere  :   a  Critical  Study  of  his 
Mind  and  Art.    Seventh  Edition.    Post  8vo,  \zs. 
Studies  in  Literature,  1789-1877.     Third  Edition.  Large 
post  8vo,  6s. 

DUFFLELD,  A.  y.— Don  Quixote:  his  Critics  and  Commen- 
tators, With  a  brief  account  of  the  minor  works  of  Miguel  de 
Cervantes  Saavedra,  and  a  statement  of  the  aim  and  end  of 
the  greatest  of  them  all.  A  handy  book  for  general  readers. 
Crown  8vo,  3^.  6d. 

DU  MONCEL,  Count.— The  Telephone,  the  Microphone,  and 

the  Phonograph.    With  74  Illustrations.    Second  Edition. 

Small  crown  8vo,  iJj. 
DURUY,  Victor.— msXav^  of  Rome  and  the  Roman  People. 

Edited  by  Prof.  Mahaffy.   With  nearly  3000  Illustrations.  4to. 

Vol.  I.  in  2  parts,  30J. 
EDGEWORTH,  F.  F.— Mathematical  Psychics.    An  Essay  on 

the  Application  of  Mathematics  to  Social  Science.    Demy  8vo, 

7^.  6d. 

Educational  Code  of  the  Prussian  Nation,  in  its  Present 
Form.  In  accordance  with  the  Decisions  of  the  Common  1  ro- 
vincial  Law,  and  with  those  of  Recent  Legislition.  Croxvn  Svo, 
zs.  6d. 
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Education  Library.   Edited  by  Philip  Magnus  :— 

An  Introduction  to  the  History  of  Educational 
Theories.    By  Oscar  Browning,  M.A.    Second  Edition, 

Old  Greek  Education.  By  the  Rev.  Prof.  Mahaffy,  M.A. 
Second  Edition.    3^.  6d. 

School  Management.  lacluding  a  general  view  of  the  work 
of  Education,  Organization  and  Discipline.  By  Joseph  Landon. 
Third  Edition.  6s. 

Eighteenth  Century  Essays.  Selected  and  Edited  by  Austin 
DoBSON.  With  a  Miniature  Frontispiece  by  R,'  Caldecott. 
Parchment  Library  Edition,  6s.  ;  vellum,  "js.  6d. 

ELSDALE,  Henry. — Studies  in  Tennyson's  Idylls.  Crown  8vo,  5^. 

EJ^YOT,  Sir  Thomas. — The  Boke  named  the  Gouernour.  Edited 
from  the  First  Edition  of  1531  by  Henry  Herbert  Stephen 
Croft,  M.A.,  Barrister-at-Law.  With  Portraits  of  Sir  Thomas 
and  Lady  Elyot,  copied  by  permission  of  her  Majesty  from  Hol- 
bein's Original  Drawings  at  Windsor  Castle.  2  vols.  Fcap.  4to, 
tps. 

Enoch  the  Prophet.  The  Book  of.  Archbishop  Laurence's  Trans- 
lation, witli  an  Introduction  by  the  Autlior  of  "  The  Evolution  of 
Christianity."    Crown  8vo,  '^s, 

Eranus.    A  Collection  of  Exercises  in  the  Alcaic  and  Sapphic  Metres. 

Edited  by  F.  W.  Cornish,  Assistant  Master  at  Eton.  Second 
Edition.    Crown  8vo,  2.s. 

EVANS,  MarL—riie  Story  of  Our  Father's  Love,  told  to 
Children.  Sixth  and  Cheaper  Edition.  With  Four  Illustrations. 
Fcap.  8vo,  IJ.  6d. 

A  Book  of  Common  Prayer  and  Worship  for  House- 
hold Use,  compiled  exclusively  from  the  Holy  Scriptures. 
Second  Edition.    Fcap.  8vo,  is. 

The  Gospel  of  Home  Life.    Crown  8vo,  4s.  6d. 

The  King's  Story-Book.  In  Three  Parts.  Fcap.  8vo,  is.  6d. 
each. 

*j*  Parts  I.  and  II.  with  Eight  Illustrations  and  Two  Picture  Maps, 

now  ready. 

"Fan  Kwae"  at  Canton  before  Treaty  Days  1825-1844. 
By  an  old  Resident.    With  Frontispiece.    Crown  8vo,  $s. 

FLECKER,  Rev.  Eliezer. — Scripture  Onomatology.  Being  Critical 
Notes  on  the  Septuagint  and  other  Versions.  Second  Edition. 
Crown  8vo,  3^.  6d. 

FLOREDICE,  TV.  H.—K  Month  among  the  Mere  Irish.  Small 
crown  8vo,  5.?. 
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FOWLE,  Rev.  T.  fF.— The  Divine  Legation  of  Christ.  Crown 
8vo,  7^. 

FULLER, Rev.  Morris.— The  Lord's  Day  ;  or,  Christian  Sunday. 

Its   Unity,   History,   Philosophy,   and   Perpetual  Obligation, 
Sermons.    Demy  8vo,  los.  6d. 

GARDINER,   Samuel  R.,  and  y.  RASS  MULLINGER,  M.A.— 

Introduction  to  the  Study  of  English  History.  Second 

Edition.    Large  crown  8vo,'9j. 
GARDNER,  Dorsey.—Qyx^XTO.  Bras,  Ligny,  and  Waterloo,  A 

Narrative  of  the  Campaign  in  Belgium,  1815.    With  Maps  and 

Plans.    Demy  8vo,  i6j. 
Genesis  in  Advance  of  Present  Science.   A  Critical  Investigation 

of  Chapters  I.-IX.    By  a  Septuagenarian  Beneficed  Presbyter. 

Demy  8vo.    los.  6d. 
GENNA,  E.  —  Irresponsible   Philanthropists.      Being  some 

Chapters  on  the  Employment  of  Gentlewomen.     Small  crown 

8vo,  2s.  6d. 

GEORGE,  ITenry.— 'Progress  and  Poverty  :  An  Inquiry  into  the 
Causes  of  Industrial  Depressions,  and  of  Increase  of  Want  with 
Increase  of  Wealth.  The  Remedy.  Fifth  Library  Edition. 
Post  8vo,  7j.  6d.  Cabinet  Edition.  Crown  8vo,  2s.  6d.  Also  a 
Cheap  Edition.  Limp  cloth,  is.  6d.  Paper  covers,  is. 
Social  Problems.  Fourth  Thousand.  Crown  Svo,  5^.  Cheap 
Edition.    Sewed,  is. 

GIBSON,  James  Y.  —  Journey  to  Parnassus.  Composed  by  Miguel 
DE  Cervantes  Saavedra.  Spanish  Text,  with  Translation  into 
English  Tercets,  Preface,  and  Illustrative  Notes,  by.  Crow 
Svo,  12S. 

Glossary  of  Terms  and  Phrases,   Edited  by  the  Rev.  H.  Perct 

Smith  and  others.    Medium  Svo,  12s. 
GLOVER,  F.,  il/.^.— Exempla  Latina.    A  First  Construing  Book, 

with  Short  Notes,  Lexicon,  and  an  Introduction  to  the  Analysis 

of  Sentences.    Second  Edition.    Fcap.  Svo,  2s. 
GOLDSMID,  Sir  Francis  Henry,  Bart.,  Q.C.,  M.P.— Memoir  of. 

With  Portrait.    Second  Edition,  Revised.    Crown  Svo,  6s. 

GOODENOUGH,  Commodore  J.  (;.— Memoir  of,  with  Extracts  from 
his  Letters  and  Journals.  Edited  by  his  Widow.  With  Steel 
Engraved  Portrait.    Third  Edition.    Crown  Svo,  Sj. 

GOSSE,  Edmund  fT. -Studies  in  the  Literature  of  Northern 
Europe.    With  a  Frontispiece  designed  and  etched  by  Alma 
Tadema.    New  and  Cheaper  Edition.    Large  crown  Svo,  ds. 
Seventeenth  Century  Studies.  A  Contribution  to  the  History 
of  English  Poetry.    Demy  Svo,  los.  6d. 

GOULD,  Rev.  S.  Baring,  71/. ^.-Germany,  Present  and  Past. 
New  and  Cheaper  Edition.    Large  crown  Svo,  7j.  Cid. 
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GO  WAN,  Major  Waller  E.—K.  Ivanoff's  Russian  Grammar. 

(i6th  Edition.)    Translated,  enlarged,  and  arranged  for  use  ot 
Students  of  the  Russian  Language.    Demy  8vo,  6j-. 

GOWER,  Lord  Ronald.    My  Reminiscences.    Second  Edition. 
2  vols.    With  Frontispieces.    Demy  8vo,  301, 
**  Also  a  Cheap  Edition.  With  Portraits.   Large  crown  8vo,  7^.  (^d. 

GRAHAM,  William,  M.A.—Th.e  Creed  of  Science,  Religious,  Moral, 
and  Social,    Second  Edition,  Revised.    Crown  8vo,  6s. 

GRIFFITH,  Thomas,  A.M.—Ttie  Gospel  of  the  Divine  Life :  a 
Study  of  the  Fourth  Evangelist.    Demy  8vo,  14J. 

GRIMLEY,  Rev.  H.  JV.,  M.A.—TTema-doc  Sermons,  chiefly  on 
the  Spiritual  Body,  the  Unseen  World,  and  the 
Divine  Humanity.    Fourth  Edition,    Crown  8vo,  6s. 

G.  S.  B.—A  Study  of  the  Prologue  and  Epilogue  in  English 
Literature  from  Shakespeare  to  Dryden.  Crown 
8vo,  ss. 

GUSTAFSON,        The  Foundation  of  Death.    Crown  8vo. 

HAECKEL,  Prof.  Ernst.— History  of  Creation.  Translation 
revised  by  Professor  E.  Ray  Lankester,  M.A.,  F.R.S.  With 
-    Coloured  Plates  and  Genealogical  Trees  of  the  various  groups 
of  both  Plants  and  Animals.     2  vols.     Third  Edition.  Post 
8vo,  32J. 

The  History  of  the  Evolution  of  Man,    With  numerous 

Illustrations.    2  vols.    Post  8vo,  32^. 
A  Visit  to  Ceylon.    Post  8vo,  'js.  6d. 

Freedom  in  Science  and  Teaching.    With  a  Prefatory  Note 
by  T.  H.  Huxley,  F.R.S.    Crown  8vo,  5^. 

Half-Crown  Series  : — 

A  Lost  Love.    By  Anna  C.  Ogle  [Ashford  Owen]. 

Sister  Dora  :  a  Biography.    By  Margaret  Lonsdale. 

True  Words  for  Brave  Men  :  a  Book  for  Soldiers  and  Sailors. 
By  the  late  Charles  Kingsley. 

Notes  of  Travel :  being  Extracts  from  the  Journals  of  Count  Von 
Moltke. 

English  Sonnets.    Collected  and  Arranged  by  J.  Dennis. 
London  Lyrics.    By  F.  Locker. 

Home  Songs  for  Quiet  Hours,    By  the  Rev.  Canon  R.  II. 
Baynes. 

HARROP,  Robert.— ^olingbToWe.    A  Political  Study  and  Criticism. 
DemySvo,  I4J-. 

HART,  Rev.  J.  W.  r.— The  Autobiography  of  Judas  Iscariot. 
A  Character  Study.    Crown  Svo,  y.  6d. 
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HAWEIS,  Rev.  H.  R.,  Current  Coin.    Materialism— The 

Devil — Crime — Drunkenness— Pauperism — Emotion— Recreation 
—The  Sabbath.    Fifth  and  Cheaper  Edition.    Crown  8vo,  Sj. 

Arrows  in  the  Air.   Fifth  and  Cheaper  Edition.   Cro\vn  8vo,  5*. 

Speech  in  Season.    Fifth  and  Cheaper  Edition.    Cro^vn  8vo,  5^. 

Thoughts  for  the  Times.     Thirteenth  and  Cheaper  Edition, 
Crown  8vo,  5^, 

Unsectarian  Family  Prayers,    New  and  Cheaper  Edition. 
Fcap,  8vo,  \s.  6d. 

HAWKINS,  Edwards  Comerford. — Spirit  and  Form,  Sermons 
preached  in  the  Parish  Church  of  Leatherhead.    Cro\vn  8vo,  6j-. 

HAWTHORNE,  Nathaniel.— ''Wox^%.  Complete  in  Twelve  Volumes. 
Large  post  8vo,  7j.  (}d.  each  volume. 

Vol.   I.    Twice-told  Tales. 

II.   Mosses  from  an  Old  Manse. 

III.  The  House  of  the  Seven  Gables,  and  The  Snow 

Image. 

IV.  The  Wonderbook,  Tanglewood  Tales,  and  Grand- 

father's Chair. 
V.   The  Scarlet  Letter,  and  The  Blithedale  Romance. 
VI.    The  Marble  Faun.  [Transformation.] 

VIII  \  Home,  and  English  Note-Books. 

IX.   American  Note-Books. 
X.    French  and  Italian  Note-Books. 
XI.    Septimius  Felton,  The  Dolliver  Romance,  Fanshawe, 
AND,  in  an  Appendix,  The  Ancestral  Footstep, 
XII.   Tales  and  Essays,  and  other  Papers,  with  a  Bio- 
graphical Sketch  of  Hawthorne. 

HA  YES,  A.  A.,  yimr.—Ne-w  Colorado,  and  the  Santa  Fe  Trail. 
With  Map  and  60  Illustrations.    Square  8vo,  gs. 

HENNESSY,  Sir  John  /V^"-— Ralegh  in  Ireland.  With  his  Letters 
on  Irish  Affairs  and  some  Contemporary  Documents.  Large  crown 
8vo,  printed  on  hand-made  paper,  parchment,  lo^.  bd, 

HENRY,  Philip. — Diaries  and  Letters  of.  Edited  by  Matthew 
Henry  Lee,  M.A.    Large  crown  8vo,  7^.  6r/. 

HIDE,  Albert. — The  Age  to  Come.    Small  crown  8vo,  2j.  (>d. 

HTME,  Major  H.  W.  Z.,  R.A.—Wagnerisra  :  A  Protest,  Crown 
8vo,  2s.  6d. 

HINTON,  y.— Life  and  Letters.  Edited  by  Ellice  Hopkins,  with 
an  Introduction  by  Sir  W.  W.  Gull,  Bart.,  and  Portrait 
engraved  on  Steel  by  C.  H.  Jeens.  Fourth  Edition.  Crown 
8vo,  8^.  ()d. 

Philosophy  and  Religion.    Second  Edition.    Crown  8vo,  %s. 
The  Law  Breaker.    Crown  8vo. 
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HINTON,  y.— continued. 

The  Mystery  of  Pain.    New  Edition.    Fcap.  8vo,  \s, 

Hodson  of  Hodson's  Horse  ;  or,  Twelve  Years  of  a  Soldier's  Life 
in  India.  Being  extracts  from  the  Letters  of  the  late  Major 
W  S  R.  Hodson.  With  a  Vindication  from  the  Attack  of  Mr. 
Bosworth  Smith.  Edited  by  his  brother,  G.  H.  HoDSON,  M.A. 
Fourth  Edition.    Large  crown  8vo,  5^.  | 

HOLTHAM,  E.  (7.— Eight  Years  in  Japan,  1873-1881.  Work, 
Travel,  and  Recreation.    With  three  Maps.  Large  crown  8vo,  9 J. 

HOOPER,  Mary.—lAXWo.  Dinners:  How  to  Serve  them  with 
Elegance  and  Economy.  Eighteenth  Edition.  Crown 
Svo,  2s.  6d.  I 

Cookery  for  Invalids,  Persons  of  Delicate  Digestion, 
and  Children.    Third  Edition.    Crown  Svo,  2.s.  6d.  I 

Every-Day  Meals.  Being  Economical  and  Wholesome  Recipes 
for  Brealifast,  Luncheon,  and  Supper.  Fifth  Edition.  Crown 
Svo,  2s.  6d. 

HOPKINS,  Ellue.—IAfe  and  Letters  of  James  Hinton,  with  an 
Introduction  by  Sir  W.  W.  Gull,  Bart.,  and  Portrait  engraved 
on  Steel  by  C.  H.  Jeens.    Fourth  Edition.    Crown  Svo,  8j.  6d. 

"Work  amongst  Working  Men.  Fifth  Edition.  Crown 
Svo,  3^,  6d.  I 

HOSPITALIER,  E.—The  Modern  Applications  of  Electricity. 
Translated  and  Enlarged  by  Julius  Maier,  Ph.D.     2  vols. 
Second  Edition,  Revised,  with  many  additions  and  numerous 
Illustrations.    Demy  Svo,  12s.  6d.  each  volume. 
Vol.  I. — Electric  Generators,  Electric  Light. 
Vol.  II. — Telephone  :    Various    Applications  :  Electrical 
Transmission  of  Energy. 

Household  Readings  on  Prophecy.  By  a  Layman.  Small 
crown  Svo,  3J.  6d. 

HUGHES,  Henry.— The  Redemption  of  the  World.  Crown  Svo, 
3J.  6d. 

HUNTINGFORD,  Rev.  E.,  D.C.L.—'The  Apocalypse.  With  a 
Commentaiy  and  Introductory  Essay.    Demy  Svo,  5^. 

HUTTON,  Arthur,  Af.A.—The  Anglican  Ministry :  Its  Nature 
and  Value  in  relation  to  the  Catholic  Priesthood.  With  a  Preface 
by  His  Eminence  Cardinal  Newman.    Demy  Svo,  14^. 

HUTTON,  Rev.  C.  /^.—Unconscious  Testimony  ;  or.  The  Silent 
Witness  of  the  Hebrew  to  the  Truth  of  the  Historical  Scriptures. 
Crown  Svo,  2s,  dd, 

HYNDMAN,  //.  il/.— The  Historical  Basis  of  Socialism  in 
England.    Large  crown  Svo,  %s.  6d. 
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IM  THURN,  Everard  F.— Among  the  Indians  of  Guiana. 

Being  Sketches,  chiefly  anthropologic,  from  the  Interior  of  British 
Guiana.    With  53  Illustrations  and  a  Map.    Demy  8vo,  i8j-. 

Jaunt  in  a  Junk  :  A  Ten  Days'  Cruise  in  Indian  Seas.  Larce  crown 
8vo,  7j.  6d.  ^ 

JENKINS,  E.,  and  RAYMOND,  ^.-The  Architect's  Legal 
Handbook.    Third  Edition,  Revised.    Crown  Svo,  6s. 

JENNINGS,  Mrs.  Vanghan.—-R.?ihei  :  Her  Life  and  Letters,  Large 
post  Svo,  7j.  6d. 

JERVIS,  Rev.  W.  Henky.  —  T'h.e  Gallican  Church  and  the 
Revolution.  A  Sequel  to  the  History  of  the  Church  of 
France,  from  the  Concordat  of  Bologna  to  the  Revolution. 
Demy  Svo,  iSj-. 

JOEL,  L.—A  Consul's  Manual  and  Shipowner's  and  Ship- 
master's Practical  Guide  in  their  Transactions 
Abroad.  With  Definitions  of  Nautical,  Mercantile,  and  Legal 
Terms;  a  Glossary  of  Mercantile  Terms  in  English,  French, 
German,  Italian,  and  Spanish  ;  Tables  of  the  Money,  Weights, 
and  Measures  of  the  Principal  Commercial  Nations  and  their 
Equivalents  in  British  Standards ;  and  Forms  of  Consular  and 
Notarial  Acts.    Demy  Svo,  12s. 

JOHNSTONE,  C.  F.,  iJ/.^.— Historical  Abstracts:  being  Outlines 
of  the  History  of  some  of  the  less  known  States  of  Europe. 
Crown  Svo,  Ts.  6d, 

JOLLY,  William,  F.R.S.E.,  ete,—Th.e  Life  of  John  Duncan, 
Scotch  Weaver  and  Botanist.  With  Sketches  of  his 
Friends  and  Notices  of  his  Times.  Second  Edition.  Large 
crown  Svo,  with  etched  portrait,  gs. 

JONES,  C.  A.—lh.e  Foreign  Freaks  of  Five  Friends.  With  30 
Illustrations.    Crown  Svo,  6s. 

JOYCE,  P.  W.,  LL.D.,  etc.— Old.  Celtic  Romances.  Translated 
from  the  Gaelic.    Crown  Svo,  ']s.  6d. 

JOYNES,  7.  Z.— The  Adventures  of  a  Tourist  in  Ireland. 
Second  edition.    Small  crown  Svo,  2s.  6d. 

KAUFMANN,  Rev.  M.,  Socialism  :  its  Nature,  its  Dangers, 

and  its  Remedies  considered.    Crown  Svo,  "js.  6d. 

Utopias  ;  or,  Schemes  of  Social  Improvement,  from  Sir  Thomas 
More  to  Karl  Marx.    Crown  Svo,  $s, 

,KA  y,  David,  i^'.TP.C^'.— Education  and  Educators.  Crown  Svo, 
']s.  6d. 

KAY,  Joseph.— Tree  Trade  in  Land.  Edited  by  his  Widow.  With 
Preface  by  the  Right  Hon.  JOHN  Bright,  M,P.  Seventh 
Edition,    Crown  Svo,  $s. 


Kegan  Paul,  Trench  &  Go's  Publications.  1$ 


KEMPIS,  Thomas  h.—Qsi  the  Imitation  of  Clirist.  Parchment 
Libraiy  Edition. — Parcliment  or  clotli,  6^.  ;  vellum,  7^.  6ir/.  The 
Red  Line  Edition,  fcap.  8vo,  red  edges,  2.s.  6d.  The  Cabinet 
Edition,  small  8vo,  cloth  limp,  is.  ;  cloth  Isoards,  red  edges,  l^.  6d. 
The  iMiniature  Edition,  red  edges,  32mo,  is. 
*^*    All  the  above  Editions  may  be  had  in  various  extra  bindings. 

KENT,  C. — Corona  Catholica  ad  Petri  successoris  Pedes 
Oblata;  De  Summi  PontiflLcis  Leonis  XIII.  As- 
sumptione  Epigramma.  In  Quinquaginta  Linguis,  Fcap. 
4to,  15^. 

KETTLE  WELL,  Rev.  ^.—Thomas  a  Kempis  and  the  Brothers 
of  Common  Life.  2  vols.  With  Frontispieces.  Demy  8vo, 
Zos. 

KIDD,  Joseph,  J/.Z).— The  Laws  of  Therapeutics  ;  or,  the  Science 
and  Art  of  Medicine.    Second  Edition.    Crown  Svo,  6j. 

KINGSFORD,  Anna,  M.B.—The  Perfect  Way  in  Diet.  A 
Treatise  advocating  a  Return  to  the  Natural  and  Ancient  Food  of 
our  Race.    Small  crown  Svo,  2s. 

KINGSLEY,  Charles,  il/.^.— Letters  and  Memories  of  his  Life 
Edited  by  his  Wife.    With  two  Steel  Engi-aved  Portraits,  and 
Vignettes  on  Wood.  Fourteenth  Cabinet  Edition.  2  vols.  Crown 
Svo,  \2s. 

*^*  Also  a  People's  Edition,  in  one  volume.   With  Portrait.  Crown 

Svo,  6s. 

All  Saints'  Day,  and  other  Semons.     Edited  by  the  Rev.  W. 
Harrison.    Third  Edition.  Crown  Svo,  ^s.  6d. 

True  Words  for   Brave  Men.    A  Book  for  Soldiers'  and 
Sailors'  Libraries.    Tenth  Edition.    Crown  Svo,  zs.  6d. 

KNOX,  Alexander  The  New  Playground  or,  Wanderings  in 
Algeria.   New  and  cheaper  edition.    Large  crown  Svo,  6^. 

LANDON,  y^f//;.— School  Management ;  Including  a  General  View 
of  the  Work  of  Education,  Organization,  and  Discipline,  Third 
Edition.    Crown  Svo,  ds. 

LAURIE,  S.  .y.— The  Training  of  Teachers,  and  other  Educational 
Papers.    Crown  Svo,  7^.  bd. 

LEE,  Rev.  F.  G.,  Z).C.Z.— The  Other  World  ;  or,  Glimpses  of  the 
Supernatural.    2  vols.    A  New  Edition.    Crown  Svo,  15^. 

Letters  from  a  Young  Emigrant  in  Manitoba.  Second  Edition. 
Small  crown  Svo,  3^.  6d. 

LEWIS,  Edward  Dillon.— K  Draft  Code  of  Criminal  Law  and 
Procedure.    Demy  Svo,  2  if. 

LILLIE,  Arthur,  M.R.A.S.—The  Popular  Life  of  Buddha. 

Containing  an  Answer  to  the  liibbert  Lectures  of  1881.  With 
Illustrations.    Crown  Svo,  6s. 
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LLOYD,  WalUr.—rhe  Hope  of  the  World  :  An  Essay  on  Universal 
Redemption.    Crown  8vo,  5j-. 

LONSDALE,  Margaret.— Sistev  Dora  :  a  Biography.  With  Portrait. 
Twenty-seventh  Edition.    Crown  8vo,  2s.  6d. 

LOUNSBURY,  Thomas  i?.— James  Fenimore  Cooper.  Crown 
8vo,  Sj, 

LOWDER,  Charles.— K  Biography,    By  the  Author  of  "  St.  Teresa." 

New  and  Cheaper  Edition.    Crown  Svo.    With  Portrait,    y.  6d. 

L.YTTON,  Ediuard  Buhver,  Lord. — Life,  Letters  and  Literary 
Remains.  By  his  Son,  the  Earl  of  Lytton.  With  Portraits, 
Illustrations  and  Facsimiles.    Demy  Svo.    Vols.  I.  and  II.,  32^. 

MACAULAY,  G.  C— Francis  Beaumont :  A  Critical  Study.  Crown 
Svo,  $s. 

MAC  CALLUM,  M.        Studies  in  Low  German  and  High 

German  Literature.    Crown  Svo,  6j. 
MACDONALD,  George. —Honal  Grant.     A  New  Novel.    3  vols. 

Crown  Svo,  3IJ.  6d. 
MACHIAVELLI,  Niccold.  —  lAfe   and  Times.     By  Prof.  ViUari. 

Translated  by  Linda  Villari.    4  vols.    Large  post,  Svo,  4SJ. 

MACHLAVELLI,  Niccolb. — Discourses  on  the  First  Decade  of 
Titus  Livius.    Translated  from  the  Italian  by  Ninian  Hill 
Thomson,  M.A.    Large  crown  Svo,  I2j. 
The  Prince.    Translated  from  the  Italian  by  N.  H.  T.  Small 
crown  Svo,  printed  on  hand-made  paper,  bevelled  boards,  6j. 

MACKENZIE,  Alexander. — How  India  is  Governed.  Being  an 
Account  of  England's  Work  in  India.    Small  crown  Svo,  2s. 

MACNAUGHT,  Rev.  John.— Qoe^na.  Domini  :  An  Essay  on  the  Lord's 
Supper,  its  Primitive  Institution,  Apostolic  Uses,  and  Subsequent 
History.    Demy  Svo,  14^. 

MACWALTER,  Rev.  G.  Life  of  Antonio  Rosmini  Serbati 
(Founder  of  the  Institute  of  Charity).      2  vols.     Demy  Svo. 

[Vol.  I.  now  ready,  price  12/. 

MAGNUS,  Mrs.—KhovX  the  Jews  since  Bible  Times.  From  the 
Babylonian  Exile  till  the  EngUsh  Exodus.    Small  crown  Svo,  6j. 

MAIR,  R.  S.,  M.D.,  F.R.C.S.E.~The  Medical  Guide  for  Anglo- 
Indians.  Being  a  Compendium  of  Advice  to  Europeans  in 
India,  relating  to  the  Preservation  and  Regulation  of  Health. 
With  a  Supplement  on  the  Management  of  Children  in  India^ 
Second  Edition.    Crown  Svo,  limp  cloth,  3J.  6d. 

MALDEN,  Henry  E/Itof.— Vienna,  1683.  The  History  and  Conse- 
quences of  the  Defeat  of  the  Turks  before  Vienna,  September 
1 2th,  1683,  by  John  Sobieski,  King  of  Poland,  and  Charles 
Leopold,  Duke  of  Lorraine.    Crown  Svo,  4^.  bd. 

Many  Voices.  A  volume  of  Extracts  from  the  Religious  Writers  of 
Christendom  from  the  First  to  the  Sixteenth  Centuiy.  Witli 
Biographical  Sketches.    Crown  Svo,  cloth  extra,  red  edges,  6s,  . 
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MARKHAM,  Capt.  Albert  Hastings,  ^.7V.— The  Great  Frozen  Sea  : 
A  Personal  Narrative  of  the  Voyage  of  the  Alert  during  the  Arctic 
Expedition  of  1875-6.  With  6  Full-page  Illustrations,  2  Maps, 
and  27  Woodcuts,    Sixth  and  Cheaper  Edition.    Crown  8vo,  6j. 

A  Polar  Reconnaissance  :  being  the  Voyage  of  the  Isbjdj-n 
to  Novaya  Zemlya  in  1879.  With  10  Illustrations.  Demy  8vo,  i6j. 

Marriage  and  Maternity  ;  or,  Scripture  Wives  and  Mothers,  Small 
crown  8vo,  4J, 

MARTINEAU,  Gertrude— Q-aXWrx^  Lessons  on  Morals.  Small 
crown  8vo,  3^.  6(/. 

MAUDSLEY,  H.,  M.D.—^q&y  and  Will.  Being  an  Essay  con- 
cernmg  Will,  in  its  Metaphysical,  Physiological,  and  Pathological 
Aspects.    8vo,  \2s. 

McGRATH,  7>r^««.— Pictures  frona  Ireland.  New  and  Cheaper 
Edition.    Crown  8vo,  2x. 

MEREDITH,  ^.^.-Theotokos,  the  Example  for  Woman. 

Dedicated,  by  permission,  to  Lady  Agnes  Wood.  Revised  by 
the  Venerable  Archdeacon  Denison.    32mo,  limp  cloth,  \s.  6d. 

MILLER,  Edward.— ThQ  History  and  Doctrines  of  Irvingism  " 
or,  The  so-called  Catholic  and  Apostolic  Church.  2  vols.  Larce' 
post  8vo,  25J.  ° 

The  Church  in  Relation  to  the  State.  Large  crown  Svo, 
ys.  od.  ' 

MINCHIN,  J.  (?, -Bulgaria  since  the  War :  Notes  of  a  Tour  in 
the  Autumn  of  1879.    Small  crown  8vo,  3^.  td. 

MITCHELL,  Lucy  M.—K  History  of  Ancient  Sculpture.  With 
ro^y^^l  8°vo  J""^'""^"""^'  including  6  Plates  in  Phototype.  Super 

Selections  from  Ancient  Sculpture.  Being  a  Portfolio  con- 
taining Reproductions  in  Phototype  of  36  Masterpieces  of  Ancient 
Art  to  illustrate  Mrs.  Mitchell's  "History  of  Ancient  Sculpture." 

MITFORD,  Bertra.7n.—1\ixoyx^\).  the  Zulu  Country.  Its  Battle- 
fields and  Its  People.    With  five  Illustrations.    Demy  8vo,  14^. 

MOCKLER,  E.-K  Grammar  of  the  Baloochee  Language,  as 
It  IS  spoken  in  Makran  (Ancient  Gedrosia),  in  the  Pefsia-Arabic 
and  Roman  characters.    Fcap.  8vo,  5^. 

MOLES  WORTH  Rev  W.  Nassau,  ^.^.-History  of  the  Church 
of  England  from  1660.    Large  crown  8vo,  7..  Id 

^07?^ZZ  7:^._Euclid  Simplified  in  Method  and  Language. 
?3f  w"r'  °^  Geometry  Compiled  from  the  most  inTportln 
French  Works  approved  by  the  University  of  Paris  and  the 
Mmister  of  Public  Instruction.    Fcap.  8vo,  2s,  6d. 
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MORRIS,  George.— The  Duality  of  all  Divine  Truth  in  our 
Lord  Jesus  Christ.  For  God's  Self-manifestation  m  the  Impar- 
tation  of  the  Divine  Nature  to  Man.    Large  crown  Svo,  7s.  6d. 

MORSE,  E.  S.,  E/i.D.— First  Book  of  Zoology.  With  numerous 
Illustrations.    New  and  Cheaper  Edition.    Crown  Svo,  2s.  6d. 

MURPHY,  John  Nicholas.— r\ie.  Chair  of  Peter ;  or,  The  Papacy 
considered  in  its  Institution,  Development,  and  Organization,  and 
in  the  Benefits  which  for  over  Eighteen  Centuries  it  has  conferred 
on  Mankind.    Demy  Svo,  iS^. 

My  Ducats  and  My  Daughter.  A  New  Novel.  3  vols.  Crown 
Svo,  3 1  J.  bd. 

NELSON,  y.  //.,  M.A.—A  Prospectus  of  the  Scientific  Study 
,  of  the  Hindu  Law.    Demy  Svo,  gs. 

NEWMAN,  Cflrc'/wffl/.— Characteristics  from  the  Writings  of. 

Being  Selections  from  his  various  Works.  Arranged  with  the 
Author's  personal  Approval.  Sixth  Edition.  With  Portrait. 
Crown  Svo,  6s. 

*^*  A  Portrait  of  Cardinal  Newman,  mounted  for  framing,  can 
be  had,  2s.  6d. 

NEWMAN,  Francis  ff^?7/w7«.— Essays  on  Diet.  Small  crown  Svo, 
cloth  limp,  2s. 

New  Truth  and  the  Old  Faith:   Are  they  Incompatible?  By  a 

Scientific  Layman.    Demy  Svo,  los.  6d. 
New  "Werther,    By  LOKi.    Small  crown  Svo,  2s.  6d. 
NICHOLSON,  Edward  Byroji.— The  Gospel  according  to  the 
Hebrews.    Its  Fragments  .Translated  and  Annotated,  with  a 
Critical  Analysis  of  the  External  and  Internal  Evidence  relatuig 
to  it.    Demy  Svo,  gs.  6d, 
A  New  Commentary  on   the   Gospel  according  to 
Matthew.    Demy  Svo,  12^. 
NICOLS,  Arthtcr,  F.G.S.,  F.R.G.S.-ChSLV^ers  from  the  Physical 
History  of  the  Earth:  an  Introduction  to  Geology  and 
Palceontology.    With  numerous  Illustrations.    Crown  Svo,  5^. 
NOES,  Marianne.-Class  Lessons  on  Euclid.    Part  I.  containing 
j  the  First  Two  Books  of  the  Elements.    Crown  Svo,  2s.  6d. 

Notes  on  St.  Paul's  Epistle  to  the  Galatians.  For  Readers  of 
j  the  Authorized  Version  or  the  Original  Greek.  Demy  Svo,  2s.  6d. 

Nuces :  Exercises  on  the  Syntax  of  the  Public  School  Latin 
Primer.  New  Edition  in  Three  Parts.  Crown  Svo,  each  is. 
*  *  The  Three  Parts  can  also  be  had  bound  togetlier,  3^. 
OATES  Frank,  F.R.G.S.-UL^X^hele  Land  and  the  Victoria 
Falls.  A  Naturalist's  Wanderings  in  the  Interior  of  South 
Africa.  Edited  by  C.  G.  Gates,  B.A.  With  numerous  Illustna- 
tions  and  4  Maps.    Demy  Svo,  2\s. 
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OGLE,  IV.,  M.D.,  F.R.C.P.—Kv\?Xo\Xe  on  the  Parts  of  Animals. 
Translated,  with  Introduction  and  Notes.    Royal  8vo,  \2s.  6d. 

d'HAGAN,  Lord,  ^.jP.  —  Occasional  Papers  and  Addresses, 
Large  crown  8vo,  Js.  6d. 

OKEN,  Lorens,  Life  of.  By  Alexander  Ecker.  With  Explanatory 
Notes,  Selections  from  Oken's  Correspondence,  and  Portrait  of  the 
Professor.  From  the  German  by  Alfred  Tulk,   Crown  8vo,  6j. 

O'MEARA,  Kathleen. — Frederic  Ozanam,  Professor  of  the  Sorbonne  : 
His  Life  and  Work.    Second  Edition,   Crown  8vq,  7j.  6d. 

Henri  Perreyve  and  his  Counsels  to  the  Siok.  Small 
cro-\vn  8vo,  Sj. 

OSBORNE,  Rev.  W.  The  Revised  Version  of  the  New  Tes- 
tament. A  Critical  Commentaiy,  with  Notes  upon  the  Text. 
Crown  Svo, 

OTTLEY,  H.  Bickersteih.—TYiB  Great  Dilemma.  Christ  His  Own 
Witness  or  His  Own  Accuser.  Six  Lectures.  Second  Edition.' 
Crown  Svo,  1^.  6d, 

Our  Public  Schools— Eton,  Harrow,  Winchester,  Rugby, 
Westminster,  Marlborough,  The  Charterhouse. 
Crown  Svo,  6s. 

OWEN,  F.  i(f.— John  Keats  :  a  Study.    Crown  Svo,  6j. 

Across  the  Hills.    Small  crown  Svo,  \s.M. 
OWEN,  Rev.  Robert,  ^.Z).— Sanctorale  Catholicum ;  or.  Book  of 
Saints.   With  Notes,  Critical,  Exegetical,  and  Historical.  Demv, 
Svo,  i8j. 

QXENHAM,  Rev.  F.  Nutcombe.—-W\).zX  is  the  Truth  as  to  Ever- 
lasting Punishment.  Part  II.  Being  an  Historical  Inquii^i 
mto  the  Witness  and  Weight  of  certain  Anti-Origenist  Councils. 
Crown  Svo,  zs,  6d, 

OXONIENSIS.  —  -Rorm.nisTa,   Protestantism,  Anglicanism. 

Being  a  Layman's  View  of  some  questions  of  the  Day.  Together 

with  Remarks  on  Dr.  Littledale's  "Plain  Reasons  against  loin- 

mg  the  Church  of  Rome."    Crown  Svo,  3J-.  6d. 
PALMER,  the  late  William.— l<lotes  of  a  Visit  to  Russia  in 

1840-1841.    Selected  and  arranged  by  John  H.  Cardinal 

Newman,  with  portrait.    Cro\vn  Svo,  Sj.  6d. 

^""f  I  Syrnbolism.    A  Series  of  Compositions  from 

Fresco  Pamtings,  Glasses,  and  Sculptured  Sarcopha<ri.  Edited 
by  the  Rev.  Provost  Northcote,  D.D.,  and  the  Rev.  Canon 
Brownlow,  m  a.  In  8  Parts,  each  with  4  Plates.  Folio's  " 
coloured  ;  3^.  plain.  ' 

Parchment  Library.    Choicely  Printed  on  hand-made  paper,  limp 
parchment  antique  or  cloth,  6..  j  vellum,  7..  6d.  each  volume.  ^ 
"^^M.A?"^  °^  Psalms.    Translated  by  the  Rev.  T.  K.  Cheyne, 
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Parchment  Library — contiriued. 

The  Vicar  of  Wakefield,    With  Preface  and  Notes  by  Austin 

DOBSON. 

English  Comic  Dramatists.   Edited  by  Oswald  Crawford. 
English  Lyrics. 

The  Sonnets  of  John  Milton.  Edited  by  Mark  Pattison. 
With  Portrait  after  Vertue. 

Poems  by  Alfred  Tennyson.  2  vols.  With  miniature  frontis- 
pieces by  W.  B.  Richmond. 

French  Lyrics.  Selected  and  Annotated  by  George  Saints- 
bury.  With  a  miniature  frontispiece  designed  and  etched  by 
H.  G.  Glindoni. 

Fables  by  Mr.  John  Gay.  With  Memoir  by  Austin  Dobson, 
and  an  etched  portrait  from  an  unfinished  Oil  Sketch  by  Sir 
Godfrey  ICneller. 

Select  Letters  of  Percy  Bysshe  Shelley.   Edited,  with  an 

Introduction,  by  Richard  Garnett. 
The  Christian  Year.    Thoughts  m  Verse  for  the  Sundays  and 

Holy  Days  throughout  the  Year.    With  Miniature  Portrait  of  the 

Rev.  J.  Keble,  after  a  Drawing  by  G.  Richmond,  R.A. 
Shakspere's  Works.    Complete  in  Twelve  Volumes. 
Eighteenth  Century  Essays.   Selected  and  Edited  by  Austin 

Dobson.    With  a  Miniature  Frontispiece  by  R.  Caldecott. 
Q.  Horati  Flacci  Opera.    Edited  by  F.  A.  Cornish,  Assistant 

Master  at  Eton.    With  a  Frontispiece  after  a  design  by  L.  Alma 

Tadema,  etched  by  Leopold  Lowenstam. 
Edgar  Allan  Poe's  Poems.    With  an  Essay  on  his  Poetry  by 

Andrew  Lang,  and  a  Frontispiece  by  Linley  Samboume. 
Shakspere's  Sonnets.    Edited  by  Edward  Dowden.    With  a 

Frontispiece  etched  by  Leopold  Lowenstam,  after  the  Death  Mask. 
English  Odes.    Selected  by  Edmund  W.  Gosse.   With  Frontis- 
piece on  India  paper  by  Hamo  Thornycroft,  A.R.A. 
Of  the  Imitation  of  Christ.    By  Thomas  X  Kempis.  A 

revised  Translation.    With  Frontispiece  on  India  paper,  from  a 

Design  by  W.  B.  Richmond. 
Tennyson's  The  Princess:  a  Medley.    With  a  Miniature 

Frontispiece  by  H.  M.  Paget,  and  a  Tailpiece  in  Outline  by 

Gordon  Browne. 

Poems :  Selected  from  Percy  Bysshe  Shelley.    Dedicated  to 

Lady  Shelley.    With  a  Preface  by  Richard  Garnett  and  a 

Miniature  Frontispiece. 
Tennyson's  In  Memoriam.     With   a  Miniature  Portrait 

in  eati-forte  by  Le  Rat,  after  a  Photograph  by  the  late  Mrs. 

Cameron. 

The  above  volumes  may  also  be  had  in  a  variety  of  leather  bindings. 
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PARSLOE,  Joseph.— Omt  Railways.  Sketches,  Historical  and 
Descriptive.  With  Practical  Information  as  to  Fares  and  Rates, 
etc.,  and  a  Chapter  on  Railway  Reform.    Crown  8vo,  6s. 

PAUL,  Alexander.— S\iOTt  Parliaments.  A  History  of  the  National 
Demand  for  frequent  General  Elections.  Small  crown  8vo,  3^-.  bd. 

PAUL,  C.  Biographical  Sketches,    Printed  on  hand-made 

paper,  bound  in  buckram.    Second  Edition.    Crown  8vo,  7^.  6d. 

PEARSON,  Rev.  6".— Week-day  Living.  A  Book  for  Young  Men 
and  Women.    Second  Edition.    Crown  8vo,  5^. 

PESCHEL,  Dr.  Oscar.— "V^q  Races  of  Man  and  their  Geo- 
graphical Distribution.  Second  Edition.  Large  crown 
Svo,  <js. 

PETERS,  F.  H.—i:\\&  Nicomachean  Ethics  of  Aristotle.  Trans- 
lated by.    Crown  Svo,  6j. 

PHIPSON,        The  Animal  Lore  of  Shakspeare's  Time. 

Includmg  Quadrupeds,  Birds,  Reptiles,  Fish  and  Insects.  Large 
post  Svo,  gj. 

PIDGEON,  D.—An  Engineer's  Holiday  ;  or,  Notes  of  a  Round 
Trip  from  Long.  0°  to  0°.  New  and  Cheaper  Edition.  Large 
crown  Svo,  ys.  6d. 

POPE,  y.  Buckingham.  — -RsLilv/SLY  Rates  and  Radical  Rule. 
Trade  Questions  as  Election  Tests.    Crown  Svo,  2s.  6d. 

PRICE,  Prof.  Bonamy.  —  Chapters  on  Practical  Political 
Economy.  Being  the  Substance  of  Lectures  delivered  before 
the  University  of  Oxford.  New  and  Cheaper  Edition.  Large 
post  Svo,  5j.  ^ 

Pulpit  Commentary,  The.  (Old  Testament  Series.)  Edited  by  the 
Rev.  J.  S.  ExELL,  M.A.,  and  the  Rev.  Canon  H.  D.  M.  Spence. 
Genesis  By  the  Rev.  T.  Whitelaw,  M.A.  With  Homilies  by 
the  Very  Rev.  J.  F.  Montgomery,  D.D.,  Rev.  Prof  R  A 
Redford,  M.A.,  LL.B.,  Rev.  F.  Hastings,  Rev."  w' 
Roberts,  M.A.  An  Introduction  to  the  Study  of  the  Old 
lestament  by  the  Venerable  Archdeacon  Farrar,  D.D.  F  R  S  • 
and  Introductions  to  the  Pentateuch  by  the  Right  Rev  h'  Cot' 

rvol^^is?"^''  ""^^  E'S^'ii  Edition. 

^'ufv^'^i  Rev  Canon  Rawlinson.    With  Homilies  by 

Rev.  J.  Orr,  Rev.  D.  Young,  B.A.,  Rev.  C.  A.  Goodhart. 

Idltiot  """X's/"' 
Leviticus.  By  the  Rev.  Prebendary  Meyrick,  M.A.  With 
Introductions  by  the  Rev.  R.  Collins,  Rev.  Professor  A.  Cave 
and  Homihes  by  Rev.  Prof.  Redford,  LL  B  Rev  T  A 
LLB^^.Tr.^'m'T--  Cl^«I"on,  B.A.,  Rev.  tix.ll^Lti 
LL.B.,  and  Rev.  McCiiEYNE  Edgar.    Fourth  Edition.  15^. 
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Pulpit  Commentary,  The— conitmtcd. 

Numbers.  By  the  Rev.  R.  Winterbotham,  LL.B.  With 
Homilies  by  the  Rev.  Professor  W.  Binnie,  D.D.,  Rev.  E.  S. 
Prout,  M.A.,  Rev.  D.  Young,  Rev.  J.  Waite,  and  an  Intro- 
duction by  the  Rev.  Thomas  Whitelaw,  M.A.  Fourth 
Edition.    1 5  J. 

Deuteronomy,  By  the  Rev.  W.  L.  Alexander,  D.D.  With 
Homilies  by  Rev.  C.  Clemance,  D.D.,  Rev.  J.  Orr,  B.D., 
Rev.  R.  M.  Edgar,  M.A.,  Rev.  D.  Davies,  M.A.  Third 
edition.  15^. 

Joshua.  By  Rev.  J.  J.  LiAS,  M.A.  With  Homilies  by  Rev. 
S.  R.  Aldridge,  LL.B.,  Rev.  R.  Glover,  Rev.  E.  de 
Peessensi!;,  D.D.,  Rev.  J.  Waite,  B.A.,  Rev.  W,  F.  Adeney, 
M.A.  ;  and  an  Introduction  by  the  Rev.  A.  Plummer,  M.A. 
Fifth  Edition,    tzs.  6d. 

Judges  and  Ruth.  By  the  Bishop  of  Bath  and  Wells,  and 
Rev.  J.  Morrison,  D.D.  With  Homilies  by  Rev.  A.  F.  Muir, 
M.A.,  Rev.  W.  F.  Adeney,  M.A.,  Rev.  W.  M.  Statham,  and 
Rev.  Professor  J.  Thomson,  M.A.    Fourth  Edition.    10s.  bd. 

1  Samuel.  By  the  Very  Rev.  R.  P.  Smith,  D.D.  With  Homilies 
by  Rev.  Donald  Eraser,  D.D.,  Rev.  Prof.  Chapman,  and 
Rev.  B.  Dale.    Sixth  Edition.  15^. 

1  Kings.  By  the  Rev.  Joseph  Hammond,  LL.B.  With  Homilies 
by  the  Rev.  E.  de  PRESSENSfi,  D.D.,  Rev.  J.  Waite,  B.A., 
Rev.  A.  Rowland,  LL.B.,  Rev.  J.  A.  Macdonald,  and  Rev. 
J.  Urquhart.    Fourth  Edition.  15^. 

Ezra,  Nehemiah,  and  Esther,  By  Rev.  Canon  G.  Rawlinson, 
M.A.  With  Homilies  by  Rev.  Prof.  J.  R.  Thomson,  ]\LA.,  Rev. 
Prof.  R.  A.  Redford,  LL.B.,  M.A.,  Rev.  W.  S.  Lewis,  M.A., 
Rev.  J.  A.  Macdonald,  Rev.  A.  Mackennal,  B.A.,  Rev.  W. 
Clarkson,  B.A.,  Rev.  F.  Hastings,  Rev.  W.  Dinvviddie, 
LL.B.,  Rev.  Prof.  Rowlands,  B.A.,  Rev.  G.  Wood,  B.A., 
Rev.  Prof.  P.  C.  Barker,  M.A.,  LL.B.,  and  the  Rev.  J.  S. 
Exell,  M.A.    Sixth  Edition,    i  vol.,  12s,  6d. 

Jeremiah.  By  the  Rev.  T.  K.  Cheyne,  M.A.  With  Homilies 
by  the  Rev.  W.  F.  Adeney,  M.A.,  Rev.  A.  F.  Muir,  M.A., 
Rev.  S.  Conway,  B.A.,  Rev.  J.  Waite,  B.A.,  and  Rev.  D. 
Young,  B.A.    Vol.  L,  153. 

Pulpit  Commentary,  The,    (New  Testament  Series.) 

St.  Mark.  By  Very  Rev.  E.  Bickersteth,  D.D.,  Dean  of  Lich- 
field. With  Homilies  by  Rev.  Prof.  Thomson,  M.A.,  Rev.  Prof. 
Given,  M.A.,  Rev.  Prof.  Johnson,  M.A.,  Rev.  A.  Rowland, 
B.A.,  LL.B.,  Rev.  A.  MuiR,  and  Rev.  R.  Green.  2  vols. 
Fourth  Edition.  21s. 

The  Acts  of  the  Apostles.  By  the  Bishop  of  Bath  and  Wells, 
With  Homilies  by  Rev.  Prof.  P.  C.  BARKER,  M.A.,  LL.B.,  Rev. 
Prof.  E.  Johnson,  M.A.,  Rev.  Prof.  R.  A.  Redford,  M.A., 
Rev.  R.  Tuck,  B.A.,  Rev.  W.  Clarkson,  B.A.   2  vols.,  21s. 
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Pulpit  Commentary,  The — continued. 

1  Corinthians.  By  the  Ven.  Archdeacon  Farrar,  D.D.  With 
Homilies  by  Rev.  Ex-Chancellor  LirscoMB,  LL.D.,  Rev. 
David  Thomas,  D.D.,  Rev.  D.  Fraser,  D.D.,  Rev.  Prof. 
J.  R.  Thomson,  M.A.,  Rev.  J.  Waite,  B.A.,  Rev.  R.  Tuck, 
B.A.,  Rev.  E.  Hurndall,  M.A.,  and  Rev.  H.  Bremner,  B.D. 
Price  1 5 J. 

PUSEY,  Dr. — Sermons  for  the  Church's  Seasons  from 
Advent  to  Trinity.  Selected  from  the  Published  Sermons 
of  the  late  Edward  Bouverie  Pusey,  D.D.    Crown  8vo,  5j. 

QUILTER,  Harry.—"'  The  Academy,"  1872-1882.  ij-. 

RADCLIFFE,  Frank  R.  K— The  New  Politicus.   Small  crown  Svo, 

RANKE,  Leopold  von. — Universal  History.  The  oldest  Historical 
Group  of  Nations  and  the  Greeks.  Edited  by  G.  W.  Prothero. 
Demy  Svo,  i6j. 

Realities  of  the  Future  Life.    Small  crown  Svo,  is.  6d. 

RENDELL,  J.  yl/.— Concise  Handbook  of  the  Island  of 
Madeira.  With  Plan  of  Funchal  and  Map  of  the  Island.  Fcap. 
Svo,  \s,  6d. 

REYNOLDS,  Rev.  J.  W.—The  Supernatural  in  Nature.  A 
Verification  by  Free  Use  of  Science.  Tliird  Edition,  Revised 
and  Enlarged.    Demy  Svo,  14J. 

The  Mystery  of  Miracles.  Third  and  Enlarged  Edition. 
Crown  Svo,  6s. 

The  Mystery  of  the  Universe ;  Our  Common  Faith.  Demy 
Svo,  14J. 

RIB OT,  Prof.  7%.— Heredity :  A  Psychological  Study  on  its  Phenomena, 
its  Laws,  its  Causes,  and  its  Consequences.  Second  Edition. 
Large  crown  Svo,  9^. 

ROBERTSON,  The  late  Rev.  F.  W.,  M.A.—lAiQ  and  Letters  of. 
Edited  by  the  Rev.  Stopford  Brooke,  M.A. 
I.  Two  vols.,  uniform  with  the  Sermons.    With  Steel  Portrait. 
Crown  Svo,  ']s.  6d. 
II.  Library  Edition,  in  Demy  Svo,  with  Portrait.  12S. 
III.  A  Popular  Edition,  in  I  vol.    Crown  Svo,  6s. 
Sermons.    Four  Series.    Small  crown  Svo,  3^,  6d.  each. 
The  Human  Race,  and  other  Sermons.    Preached  at  Chelten- 
ham, Oxford,  and  Brighton.   New  and  Cheaper  Edition.  Small 
crown  Svo,  3^.  6d, 

Notes  on  Genesis.  New  and  Cheaper  Edition.  Small  crown  Svo, 
Zs.  6d. 

Expository  Lectures  on  St.  Paul's  Epistles  to  the 
Corinthians.    A  New  Edition,    Small  crown  Svo,  5^. 

Lectures  and  Addresses,  with  other  Literary  Remains.  A  New 
I'.dition,    Small  crown  Svo,  5^. 
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ROBERTSON,  The  late  Rev.  F.  W.,  M. A. —continued. 

An  Analysis  of   Mr.  Tennyson's  "  In  Memoriam." 

(Dedicated  by  Permission  to  tlie  Poet-Laureate.)    Fcap.  8vo,  is. 
The  Education  of  the  Human  Race.    Translated  from  the 
German  of  Gotthold  Ephraim  Lessing.    Fcap.  8vo,  2.s.  6d. 
The  above  Works  can  also  be  had,  bound  in  half  morocco, 
A  Portrait  of  the  late  Rev.  F.  W.  Robertson,  mounted  for  framing, 
can  be  had,  2s.  6d. 

ROMANES,  G.  y.  — Mental  Evolution  in  Animals.  With  a 
Posthumous  Essay  on  Instinct  by  Charles  Darwin,  F.R.S. 
Demy  8vo,  12^. 

ROSMINI  SERB  ATI,  A.,  Founder  of  the  Institute  of  Charity.  Life. 
By  G.  Stuart  Mac  Walter.   2  vols.  8vo. 

[Vol.  I.  now  ready,  \2s. 

Rosmini's  Origin  of  Ideas.  Translated  from  the  Fifth  Italian 
Edition  of  the  Nuovo  Saggio  SulP  origine  dclle  idee.  3  vols. 
Demy  8vo,  cloth.  [Vols.  I.  and  II.  now  ready,  i5j.  each. 

Rosmlni's  Philosophical  System.  Translated,  with  a  Sketch  of 
the  Author's  Life,  Bibliography,  Introduction,  and  Notes  by 
Thomas  Davidson.    Demy  8vo,  i6j. 

RULE,  Martin,  M.A.  —  Ihe  Life  and  Times  of  St.  Anselm, 
Archbishop  of  Canterbury  and  Primate  of  the 
Britains.    2  vols.    Demy  8vo,  32^. 

SAL  VA  TOR,  Archduke Ltidwig.—'Le-v^i.osia.,  the  Capital  of  Cyprus. 

Crown  4to,  los.  6d. 
SAMUEL,  Sydney         Jewish  Life  in  the  East.    Small  crown 

8vo,  3J.  6d. 

SAYCE,  Rev.  Archibald  Henry. — Introduction  to  the  Science  of 
Language.    2  vols.    Second  Edition.    Large  post  8vo,  21J. 

Scientific  Layman.  The  New  Truth  and  the  Old  Faith  :  are  they 
Incompatible  ?    Demy  8vo,  lOf.  itd. 

SCOONES,  W.  Baptiste.—Youv  Centuries  of  English  Letters  : 
A  Selection  of  350  Letters  by  150  Writers,  from  the  Period  of  the 
Paston  Letters  to  the  Present  Time.  Third  Edition.  Large 
cl'own  8vo,  6^-. 

SHILLITO,  Rev.  yi?^^/^— Womanhood :  its  Duties,  Temptations, 
and  Privileges.  A  Book  for  Young  Women.  Third  Edition. 
Crown  8vo,  3^.  ^d. 

SHIPLEY,  Rev.  Orby,  yl/.^.— Principles  of  the  Faith  in  Rela- 
tion to  Sin.  Topics  for  Thought  in  Times  of  Retreat. 
Eleven  Addresses  delivered  during  a  Retreat  of  Three  Days  to 
Persons  living  in  the  World.    Demy  8vo,  12^. 

Sister  Augustine,  Superior  of  the  Sisters  of  Charity  at  the  St. 

Johannis  Hospital  at  Bonn.  Authorised  Translation  by  Hans 
Tharau,  from  the  German  "Memorials  of  Amalie  \-on 
Lasaulx."    Cheap  Edition.    Large  crown  8vo,  4f.  dd. 
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SKINNER,  yames.—K  Memoir.  By  the  Author  of  ' '  Charles  Lowder. " 
With  a  Preface  by  the  Rev.  Canon  Carter,  and  Portrait. 
Large  crown,  7^.  (>d. 

SMITH,  Edward,  M.D.,  LL.B.,  ^.^P.^".— Tubercular  Consump- 
tion in  its  Early  and  Remediable  Stages.  Second 
Edition.    Crown  8vo,  6^. 

SPEDDING,  Reviews   and   Discussions,  Literary, 

Political,  and  Historical  not  relating  to  Bacon.  Demy 
8vo,  I2J.  dd.  ' 

Evenings  with  a  Reviewer;  or,  Bacon  and  Macaulay. 
With  a  Prefatory  Notice  by  G.  S.  Venables,  Q.C.  2  vols. 
Demy  8vOj  iSj. 

STAFFER,  Paid.  ~%\>.2i'R.s^&ax&  and  Classical  Antiquity: 
Greek  and  Latm  Antiquity  as  presented  in  Shakspeare's  Plays. 
Translated  by  Emily  J.  Carey.    Large  post  Svo,  i2j. 

STEVENSON  Rev  W  ^-Hymns  for  the  Church  and  Home. 
Selected  and  Edited  by  the  Rev.  W.  Fleming  Stevenson 

1  he  Hymn  Book  consists  of  Three  Parts:—!.  For  Public 
^°'"^\^PtII-  For  Family  and  Private  Worship.— in. 
r  or  Children. 

***  ^"to^S^"^  P""''       ^"""^  f^'O'n  ^d. 

Stray  Papers  on  Education,  and  Scenes  from  School  Life.  By  B  H 
Second  Edition.    Small  crown  Svo,  3J,  6</,  -^yr..  ii. 

STREATFEILD,  Rev.  G.  ^.,5. /J. -Lincolnshire  and  the  Danes. 
L,arge  crown  Svo,  7j.  (jd. 

STRECKER.mSLICENUS.-Ovg^nic  Chemistry.  Translated  and 

f?D  'and  A^lTr^  ""^^""'T.'  ''^         R.  Hodgkins^, 
i^h.D.,  and  A.  J.  Greenaway,  F.I.C.    Demy  Svo,  21s 

SWEDBNBOSO.  £„„._De  Cullu  et  Amore  Del  ubl  AsUur 
Facsimile,.  Tvds.°  De.^L,  """"-"^  ^ablos  .„d 
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TAYLOR,  Sedley.  —  Profit  Sharing  between  Capital  and 
Labour.  To  which  is  added  a  Memorandum  on  the  Industrial 
Partnership  at  tlie  'Wlntwood  Collieries,  by  Archibald  and 
Henry  Briggs,  with  remarks  by  Sedley  Taylor,  Crown  8vo, 
2s.  6d. 

Thirty  Thousand  Thoughts.  Edited  by  the  Rev.  Canon  Spence, 
Rev.  J.  S.  ExELL,  Rev.  Charles  Neil,  and  Rev.  Jacob 
Stephenson.   6  vols.    Super  royal  8vo. 

[Vols.  I.  and  II.  now  ready,  i6j-.  each. 

TBOM,  J.  Hamilton.— J^dL-ws  of  Life  after  the  Mind  of  Christ. 
Second  Edition.    Crown  8vo,  7j.  6d. 

THOMSON,J.  TtirnhilL— Social  Problems  ;  or,  An  Inquiry  into 
the  Laws  of  Influence.  With  Diagrams.  Demy  8vo,  los.  6d. 

TIDMAN,  Paul  i?".— Gold  and  Silver  Money.  Part  I.— A  Plain 
Statement.  Part  II.— Objections  Answered.  Third  Edition. 
Crown  Svo,  \s, 

TIPPLE,  Rev.  S.  ^.—Sunday  Mornings  at  Norwood.  Prayers 

and  Sermons.    Crown  8vo,  6^. 
TODHUNTER,  Dr.  J—K  Study  of  Shelley.    Crown  Svo,  ^s. 

TREMENHEERE,  Hugh  Seymour,  C.B.—  K  Manual  of  the 
Principles  of  Government,  as  set  forth  by  the  Authorities 
of  Ancient  and  Modem  Times.  New  and  Enlarged  Edition. 
Crown  Svo,  y.  6d, 

TUKE,  Daniel  Hack,  M.D.,  -F.if. CP.— Chapters  in  the  History 
of  the  Insane  in  the  British  Isles.  With  4  Illustrations. 
Large  crown  Svo,  \2s, 

TWINING,  Z««ja.— Workhouse  Visiting  and  Management 
during  Twenty-Five  Years.    Small  crowm  Svo,  2$. 

TYLER,  7.— The  Mystery  of   Being:   or,  What  Do  We 

Know  ?    Small  crown  Svo,  3^. 
UPTON,  Major  R.  2?.— Gleanings  from  the  Desert  of  Arabia. 

Large  post  Svo,  ioj.  dd. 
VACUUS  VIATOR.— Flying  South.    Recollections  of  France  and 

its  Littoral.    Small  crown  Svo,  2s.  6d, 
VAUGHAN,  H.  Halford.—Nevi  Readings  and  Renderings  of 

Shakespeare's  Tragedies.   2  vols.   Demy  Svo,  25^. 

VILLARI,  Professor.— 'Niccoio  Machiavelli  and  his  Times. 
Translated  by  Linda  Villari.    4  vob.    Large  post  Svo,  48J. 

VILLIERS,  The  Right  Hon.  C.  P.— Free  Trade  Speeches  of. 

With  Political  Memoir.    Edited  by  a  Member  of  the  Cobden 
Club.    2  vols.    With  Portrait.    Demy  Svo,  25J. 
People's  Edition,    i  vol.    Crown  Svo,  limp  cloth,  2s.  6d. 

VOGT,  Lieiit.-Col.  Hermann.— llYiQ  Egyptian  War  of  1882. 
A  translation.    With  Map  and  Plans.    Large  crown  Svo,  bs. 
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VOLCKXSOM,  E.  W.  z/.— Catechism  of  Elementary  Modern 
Chemistry.    Small  crown  8vo,  3^-. 

VYNER,  Lady  Mary.—'R-VQVY  Day  a  Portion.  Adapted  from  the 
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son,  the  Rev.  Edwin  Elliott,  of  St.  John's,  Antigua,    2  vols. 
Crown  Svo,  iSs. 

English  Odes.    Selected,  with  a  Critical  Introduction  by  Edmund  \y. 

Gosse,  and  a  miniature  frontispiece  by  Hamo  Thornycroft, 
A.R.A.  Elzevir  Svo,  limp  parchment  antique,  or  cloth,  6s.  ; 
vellum,  Ts.  6d. 
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English  Verse.    Edited  by  W.  J.  Linton  and  R.  H.  Stoddard. 
5  vols.    Crown  Svo,  cloth,  s,s.  each. 
I.  Chaucer  to  Burns. 
II.  Translations. 

III.  Lyrics  of  the  Nineteenth  Century. 

IV.  Dramatic  Scenes  and  Characters. 
V.  Ballads  and  Romances. 

EVANS,  A7me.— Poems  and  Music.    With  Memorial  Preface  by 

Ann  Thackeray  Ritchie.  Large  crown  Svo,  js. 
GOSSE,  Edmund  JV—lSSe-w  Poems.  Crown  Svo,  7^-.  6d. 
GRAHA M,  William.    Two  Fancies,  and  other  Poems.    Crown  Svo,  5x. 

GRINDROD,  Charles.    Plays  from  English  History.  Crowi^ 
ovo,  ']s.  oa. 

The  Stranger's  Story,  and  his  Poem,  The  Lament  of  Love  :  An 
Lpisode  of  the  Malvern  Hills.    Small  crown  Svo,  2s.  6d. 

GURNEY,  Rev.  Alfred.-1\,e  Vision  of  the  Eucharist,  and  other 
roems.    Crown  Svo,  5^. 

^^ZZOJ^  g  C^.-Daphnis  :  a  Pastoral  Poem.     Small  crown  Svo, 

^^'"^'^cioi'C&iSVaSfsf 

""""'etc^SfvXo.^  es}"'"'  °f  " 

^'^'^^^8;o,'^S..'^"~^  Sculptor,   and  other  Poems.     Small  crown 

vvoiseley,  Lr.C.B.,  etc.    Small  crown  Svo,  2s.  bd 

^^'^^^^fmarr;n^Sv^:7f  ^,3,,,,  ^^^^^ 

JENKINS,  Rev.  Ca«.«. -Alfonso  Petrucci,   Cardinal  and  Con 
spirator:  an  Historical  Tragedy  in  Five  Acts.    Small  crotia  Svo," 

^""^^Tef ''"''^  °'her  Poems.    Small  crown  Svo. 

ir^^7'.S',>/i«. -Poetical  Works.   Edited  by  W  T  At? x^or  r.  t 

A  Book  of  Dreams.    Crown  Svo,  zs.  6d 
KNOX,  The  Hon.  Mrs.  O.  A^— Four  P>irt,„.»c 

other  Poems.    SmalUrown  Svo.^  6^  '  ^'^^^  ^ 


36 


A  List  of 


LANG,  XXXII  Ballades  in  Blue  China.  Elzevir  8vo, 
parchment,  S-?- 

LAWSON,  Right  Hon.  Mr.  Justice.— HY^ni  Usitati  Latine 
Redditi  :  with  other  Verses.    Small  8vo,  parchment,  S^. 

Lessings  Nathan  the  Wise.  Translated  by  Eustace  K.  Corbett. 
Crown  8vo,  6s. 

Life  Thoughts.    Small  crown  8vo,  2s.  6d. 

Living  English  Poets  MDCCCLXXXII.  With  Frontispiece  by 
Walter  Crane.  Second  Edition.  Large  crown  Svo.  Pnnted  on 
hand-made  paper.    Parchment,  I2j;  ;  vellum,  iS-f- 

LOCKER,  7?:— London  Lyrics.  A  New  and  Cheaper  Edition. 
Small  crown  Svo,  2s.  6d. 

Love  in  Idleness.  A  Volume  of  Poems.  With  an  etching  by  W.  B. 
Scott.    Small  crown  Svo,  SJ. 

Love  Sonnets  of  Proteus.  With  Frontispiece  by  the  Author.  Elzevir 
Svo,  Ss. 

LUMSDEN,  Limt..Col.  H.  [F.-Beovsrulf :  an  Old  English  Poem. 

Translated  into  Modern  Rhymes.    Second  and  Revised  Edition. 

Small  crown  Svo,  5^. 
Lyre  and  Star.    Poems  by  the  Author  of  "  Ginevra,"  etc.  Crown 

Svo,  5^. 

MAGNUSSON,  Eirikr,  M.A.,  and  PALMER,  E.  ff.,  M.A.-io^an 
Ludvig  Runeberg's  Lyrical  Songs,  Idylls,  and  Epi- 
grams.   Fcap.  Svo,  5^. 

iI/.Z?.C.— Chronicles  of  Christopher  Columbus.  A  Poem  in 
Twelve  Cantos.    Cro^^^l  Svo,  Ts.  6d. 

MEREDITH,  Owen  [The  Earl  of  Lyttcnl-Jsacx^e.^^y^  m^^ 
With  32  Illustrations.    i6mo,  3 J.  6d.    Cloth  extra,  gilt  edges, 
4J.  6d. 

MORRIS,  Z^ww.— Poetical  Works  of.    New  and  Cheaper  Editions, 

with  Portrait.    Complete  in  3  vols.,  5^.  each. 
Vol.  I.  contains  "Songs  of  Two  Worlds."   Ninth  Edition,    ^-ol-  H- 

contains  "The  Epic  of  Hades."   Seventeenth  Edition.  Vol.  III. 

contaill^  "  Gwen  "  and  "  The  Ode  of  Life."    Fifth  Edition. 
The  Epic  of  Hades.    With  16  Autotype  Illustrations,  after  the 

Drawings  of  the  late  George  R.  Chapman.    4to,  cloth  extra>  gilt 

leaves,  2 1  J'. 

The  Epic  of  Hades.    Presentation  Edition.    4to,  cloth  extra, 

gilt  leaves,  10s.  6d. 
Songs  Unsung.    Fourth  Edition.    Fcap.  Svo,  dr. 
MORSHEAD    E.  D.  ^.-The  House  of  Atreus.     Being  the 
^^^^     Agamemnon,  Libation-Bearers,  and  Furies  of  ^scliylus.  Trans- 
lated into  English  Verse.    Cro\vn  Svo,  Ts. 
The  Suppliant  Maidens  of  >Eschylus.    Crown  Svo,  3^.  6./. 
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NADEN,  Constance  IV. — Songs  and  Sonnets  of  Spring  Time. 
Small  crown  8vo,  5^-. 

NEWELL,  E.  y.— The  Sorrows  of   Simona  and  Lyrical 
Verses.    Small  crown  8vo,  3J.  6rf. 

NOEL,  The  Hon.  Rode7t.—K  Little  Child's  Monument.  Third 
Edition.    Small  crown  8vo,  3^.  (3d. 

The  Red  Flag,  and  other  Poems.    New  Edition.    Small  crown 
Svo,  6x. 

a  HAG  AN,  >/^;2.— The  Song  of  Roland.    Translated  into  English 
Verse.    New  and  Cheaper  Edition.    Crown  Svo,  5^. 

PFEIFFER,  Emily.— TYie  Rhyme  of  the  Lady  of  the  Lock, 
and  How  it  Grew.    Small  crown  Svo,  3^.  6d. 

Gerard's  Monument,  and  other   Poems.     Second  Edition. 
Crown  Svo,  6^. 

Under  the  Aspens :  Lyrical  and  Dramatic.     With  Portrait. 
Crown  Svo,  6s. 

PIATT,  J.  7.— Idyls  and  Lyrics  of  the  Ohio  Valley,  Crown 
Svo,  sj, 

jPOE,  Edgar  Allan. — Poems.  With  an  Essay  on  his  Poetry  by  Andrew 
Lang,  and  a  Frontispiece  by  Linley  Sambourne.  Parchment 
Library  Edition. — Parchment  or  cloth,  6j.  ;  vellum,  7j-.  6d. 

KAFFALOVICH,  Mark  Andrl—CYvil  and  Lionel,  and  other 
.   Poems.    A  volume  of  Sentimental  Studies,    Small  crown  Svo 
3^.  6d. 

Rare  Poems  of  the  16th  and  17th  Centuries.  Edited  W.  J. 
Linton.    Crown  Svo,  5J. 

RHOADES,  James.— "XYiQ.  Georgics  of  Virgil.  Translated  into 
English  Verse.    Small  crown  Svo,  ^s. 

ROBINSON,  A.  Mary  F.—A  Handful  of  Honeysuckle.  Fcau. 
Svo,  3J.  6d. 

The  Crowned  Hippolytus.    Translated  from  Euripides.  With 
New  Poems.    Small  crown  Svo,  5J. 

Schiller's  Mary  Stuart.  German  Text,  with  English  Translation  on 
opposite  page  by  Leedham  White.    Crown  Svo,  6s. 

SCOTT,  George  F.  ^.—Theodora  and  other  Poems.  Small 
crown  Svo,  y.  6d. 

SEAL,  W.  H.—lone,  and  other  Poems.    Crown  Svo,  gilt  tops,  5^. 

SELKIRK,/.  .5.— Poems.    Crown  Svo,  7^.  6d. 

Shakspere's  Sonnets.  Edited  by  Edward  Dowden.  With  a  Fron- 
tispiece etched  by  Leopold  Lowenstam,  after  the  Death  Mask. 
Parchment  Library  Edition.— Parchment  or  cloth,  6s.  :  ycllum. 
Ts.  6d.  ' 
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Shakspere's  "Works-  Complete  in  12  Volumes.  Parchment  Library 
Edition.' — Parchment  or  cloth,  6s.  each;  vellum,  Ts.  6d.  each. 

SHAW,  W.  F.,  M.A. — Juvenal,  Persius,  Martial,  and  Catullus. 
An  Experiment  in  Translation.    Crown  8vo,  ^s. 

SHELLEY,  Percy  Bysshe. — Poems  Selected  from.  Dedicated  to 
Lady  Shelley.  With  Preface  by  Richard  Garnett.  Parchment 
Libraiy  Edition. — Parchment  or  cloth,  ds.  ;  vellum,  7j.  dd. 

Six  Ballads  about  King  Arthur.  Crown  8vo,  cloth  extra,  gilt 
edges,  3^.  dd. 

SKINNER,  H.  7.— The  Lily  of  the  Lyn,  and  other  Poems.  Small 
crown  8vo,  is.  6d. 

SLADEN,  Douglas  Frithjof  and  Ingebjorg,  and  other 
Poems.    Small  crown  8vo,  5^. 

SMITH,  J.  W.  Gilbart.—Th.e  Loves  of  Vandyck.   A  Tale  of  Genoa. 

Small  crown  8vo,  2s.  6d. 
Sophocles  ".  The  Seven  Plays  in  English  Verse.    Translated  by  Lewis 

Campbell.    Crown  8vo,  Ts.  (>d. 

SPICER,  Henry. — Haska  ;  a  Drama  in  Three  Acts  (as  represented 
at  the  Theatre  Royal,  Drury  Lane,  March  loth,  1877).  Third 
Edition.    Crown  8vo,  3^.  6d. 

TAYLOR,  Sir  H. — Works.  Complete  in  Five  Volumes.  Crown 
8vo,  30i-. 

Philip  Van  Artevelde.    Fcap.  8vo,  3^.  dd. 
The  Virgin  Widow,  etc.    Fcap.  8vo,  3^.  dd. 
The  Statesman.    Fcap.  8vo,  3^.  (>d. 
TAYLOR,  Atigtistus.—^o&ras.    Fcap.  8vo,  5^. 

Tennyson  Birthday  Book,  The.    Edited  by  Emily  Shakespear. 
32mo,  limp,  zs.  ;  cloth  extra,  3^. 
A  superior  Edition,  printed  in  red  and  black,  on  antique  paper, 
specially  prepared.     Small  crown  8yo,  extra,  gilt  leaves,  \s.  ; 
and  in  various  calf  and  morocco  bindings. 
THORNTON,  L.  M.—The  Son  of  Shelomith.    Small  crown  8vo, 
y.  6d. 

TODHUNTER,  Dr.  y.— Laurella,  and  other  Poems.  Crown  8vo, 
6s.  6d. 

Forest  Songs.    Small  crown  8vo,  3^.  6d. 
The  True  Tragedy  of  Rienzi ;  a  Drama.  6d. 
AlcestiS  :  a  Dramatic  Poem.    Extra  fcap.  8vo,  S^. 
WALTERS,  Sophia  Lydia.—K  Dreamer's  Sketch  Book.    With  21 
Illustrations  by  Percival  Skelton,  R.  P.  Leitch,  W.  H.  J.  Boot,  and 
T.  R.  Pritchett.    Engraved  by  J.  D.  Cooper.    Fcap.  4to,  I2x.  6d. 
WA  TTS,  Alaric  Alfred  and  Anna  Maiy  HowiU.—AuTOva.    A  Medley 
of  Verse.    Fcap.  8vo,  bevelled  boards,  Sj. 


Kegan  Paul,  Treiic/t  &  Go's  Publications. 


IVEBSTER,  Augusia.— In  a  Day  :  a  Drama.   Small  crown  8vo,  2s.  6d. 

Disguises  :  a  Drama.    Small  crown  Svo,  Sj. 

Wet  Days.    By  a  Farmer.    Small  crown  Svo,  6j. 

WILLIAM.S,  J.—K  Story  of  Three  Years,  and  other  Poems.  Small 
crown  Svo,  3^.  bd. 

Wordsworth  Birthday  Book,  The,     Edited  by  Adelaide  and 
Violet  Wordsworth.  32mo,  limp  cloth,  is.  6d. ;  cloth  extra,  2s. 

YOUNGS,  Ella  i7iar/f.— Paphus,  and  other  Poems,   Small  crown  Svo 
3J.  6d. 


WORKS  OF   FICTION  IN   ONE  VOLUME. 

BANKS,  Mrs.  G.  Z.— God's  Providence  House.    New  Edition 
Crown  Svo,  3^-.  6d. 

INGELOW,  Jean.—OfS:  the  Skelligs  :  a  Novel.    With  Frontispiece 
Second  Edition.    Crown  Svo,  6j. 

^/^CZ)0£^ZA  ^^-Castle  Warlock.   A  Novel.   New  and  Cheaper 
Edition.    Crov?n  Svo,  6j.  ' 

Malcolm.  With  Portrait  of  the  Author  engraved  on  Steel  Sixth 
Edition.    Crown  Svo,  6j-. 

"^^Cro^n  Sv^'e/^  ™  ^^^t^oi^-    With  Frontispiece. 

St.  George  and  St.  Michael.    Fourth  Edition.    With  Frontis- 
piece.   Crown  Svo,  6^. 

PALGRA  VE  M^.  GiJord -Hermann  Agha  :  an  Eastern  Narrative. 
Ihird  Edition.    Crown  Svo,  6s. 

SHA  W,  Flora  Z. -Castle  Blair  ;  a  Story  of  Youthful  Days.  New  and 
Cheaper  EdiUon.    Crown  Svo,  3^.  6d. 

STRETTON  Nesba.-ricivonsh  a  Needle's  Eye  :  a  Story.  New 
and  Cheaper  Edition,  with  Frontispiece.    Ciown  Svo,  bl. 

TAYLOR,  Col  Meadmvs,_  C.S.L,  Af.R./.A.-SeeXa.:  a  Novel.  New 
and  Cheaper  Edition.    With  Frontispiece.    Crown  Svo  6. 

^X°tiSet^""c;owJtof^:^ 

""'aown^'sTo??.!'   ^-^-^  Cheaper  Edition.    With  Frontispiece. 

^  iS?\?or  8;o,  ?r ^'^^p^^       ^•''^  F-"'- 

The  Confessions  of  a  Thug.    Crown  Svo,  6s. 
Tara  :  a  Mahratta  Tale.    Crown  Svo,  6s. 
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BOOKS  FOR  THE  YOUNG. 

Brave  Men's  Footsteps.    A  Book  of  Example  and  Anecdote  for 
Brave  me^  ^  ^^^^  ^^.^^^  ^^^^  ^^^^         „  ^ ^1 

4  Illustrations  by  C.  Doyle.    Eighth  Edition.    Crown  8vo,  3^.  (id. 
COXHEAD,  Ethel.— mt&s  and  Babies.    Imp.  i6mo.    With  33 

Illustrations.    Cloth  gilt,  2s.  bd. 
D  4  VIES,  G.  Chrisiopher.-B.a.ra\A&s  and  Adventures  of  our 
School  Field  Club.    With  4  Illustrations.    New  and  Cheaper 
Edition.    Crown  8vo,  3^.6^^.  ^      ^  t,- 

EDMONDS,  Herbert.-WeW  Spent  Lives  :  a  Senas  of  Modern  Bio- 

graphies.    New  and  Cheaper  Edition.    Crown  8vo,  3^.  6rf. 
Z7T^^  i\T<;  nLrh  —The  Storv  of  our  Father's  Love,  told  to  Children. 
'sJf^knd  Cheape^^^^^        of  Theology  for  Children.    With  4 
Illustrations,    Fcap.  Svo,  i^.  6d.  th    .   .  1  v 

JOHNSON,  Virginia  W^.-The  Catskill  Fairies.     Illustrated  by 
Alfred  Fredericks.    5J-.  .  „    ,  r  ivm 

MAC  KENNA,  S  ?^.-Plucky  Fellows.    A  Book  for  Boys.  With 

6  Illustrations.    Fifth  Edition.    Crown  Svo,  35.  6</. 
REANEY  Mrs.  G.  ^.-Waking  and  Working;  or,  From  Girlhood 
to  Womanhood.    New  and  Cheaper  Edition.    With  a  Frontis- 
piece.   Crown  Svo,  3^.  6(/.  ^-r      at  a 
Blessing  and  Blessed:  a  Sketch  of  Girl  Life.    New  and 

Cheaper  Edition.    Crown  Svo,  3^- 6</- 
Rose  Gurney's  Discovery.    A  Book  for  Girls.    Dedicated  to 

their  Mothers.    Crown  Svo,  3^. 
Enelish  Girls :  Their  Place  and  Power.    With  Preface  by  the 

lev  R  W  Dale.    Fourth  Edition.    Fcap.  Svo,  2..  6^. 
Just  Anyone,  and  other  Stories.    Three  Illustrations.  Royal 
i6mo,  \s.  dd.  .        „  , 

Sunbeam  Willie,  and  other  Stories.   Three  Illustrations.  Royal 

SuSnejtiny,  and  other  Stories.   Three  Illustrations.  RoyaV 

STOCKTON:'Fr^^k  R.-K  Jolly  Fellowship.    With  20  lUustra- 

tions.    Crown  Svo,  5J.  ^     x         „  r-v-imfxt- 

^^m?i?   F-rni,ri,  and  TURNER,  Canterbury  Chimes, 

•'^'''''''orfcSer'Tlle;  ?e.told  to  Children    With  6  Illustrations  from 

theEllesmereMS.    Third  Edition     ^''Xr  ^^' ^IW^sU:.- 
STRETTON,  Hesba.-T^^^i^  Lloyd's  Last  Will.    ^^  uh  4  lUustra 

dons    New  Edition.    Royal  i6mo,  2..  6</. 
Tales  from  Ariosto  Re-told  for  Children.    By  a  Lady,    ^^lth  , 

Illustrations.    Crown  Svo,  4^-  .  c 

WHITAKER,  Fl^-cnce.-CnvistY's  Inheritance.    A  London  Sto. j . 

lUustrated.    Royal  lemo,  is.  bd. 
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